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GPE Controls, Inc. presents 


an outstanding new advance in industrial 
automatic controls...the Rotojet’ series 
of electro-hydraulic servo valves. 
Electrical input specifications include all 
ranges in current use. Total hysteresis 
is less than 0.2%. Single-stage output of 
4% g.p.m. at 1000 p.s.i. matches or exceeds 


most 2-stage units. Frequency response is 


32 c.p.s. No filtration necessary. Guaranteed 


reliability at lowest cost, 





: Write for descriptive literature 
D GPE Controls, Inc. 
240 East Ontario Street * Chicago 11, Illinois 


A Subsidiary of GENERAL PRECISION, inc. 
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THERMOCOUPLE PYROMETERS 


BY LEWIS 


Sturdy, Accurate, Dependable Instruments 
for Indicating Temperatures of 


‘ AMBIENT AIR 
CARBURETORS 
CRANK CASE 
ENGINE EXHAUST 
FUEL 
GASES 
HYDRAULIC FLUIDS 
LIQUIDS 
MOLTEN METALS 
SURFACES 
TRANSMISSIONS 


and many others in Automotive 
and Industrial Applications, 


1. Model 58PY, Rectangular Bakelite Case 
2. Model 23B, Four Inch Diameter Bakelite Case 
3. Model 20B, Three Inch Diameter Shielded Case 


For use with I.S.A. Type Y, J, T, K or 
Chromel*-Constantan Thermocouples. 


THE LEWIS ENGINEERING CO. 


NAUGATUCK, 
CONNECTICUT 


*Hoskins TM. 
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Accuracies of .5% 


and 1% 


Ranges from 120 V. F.S. to 

° 100,000 V. F.S. 

Input resistances as high as 
5 quadrillion ohms! 


<< Model CRV — Crest or Peak Volt- 


Model CRV 


os 

Model ESH — AC/DC high voltage 
measuring instrument. Responds to 
true RMS regardless of wave shape. 
Accuracy 1% F.S.|(.5% up to 30 KV. 
on special order). Single range or 
multirange combinations from 5 KV. 
to 100 KV. F.S. Switch controlled from 
rear. 6” hand-drawn mirrored scale. 
Transit lock and brackets for panel 
mounting available. Sturdy alumi- 

4, hum case. 


meter for reading true RMS, nega- 
tive and positive peaks in a self- 
contained portable unit. Accuracy 
1% for basic 0-1 KV. instrument. Sup- 
plied with 1% external multipliers 
for ranges up to 100 KV. For use on 
AC or pulsed DC with a minimum 
repitition rate of 20 pps or more. 
5.2" hand-drawn mirrored scale. 
Formica case. 


=_ 


University Model (not illustrated) — Mod. 
erately priced, smaller sized version of 
Model ESD. Accuracy 1% only. Single range 
or multirange combinations from 300 V. F.S. 
to 5 KV. F.S. 4” hand-drawn mirrored scale. 
Moulded black bakelite case. 


Model VPA (not illustrated) — Positive or 
negative peak voltage adaptor for use with 
models ESH, ESD and University. Maximum 
inverse peak rating 30 KV, 


Symbol of Quslity NEW ROCHELLE, N.Y 
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Model ESD — AC/DC portable volt- 
age measuring instrument. Responds 
to true RMS regardless of wave 
shape. Accuracy 1% F.S. (.5% on 
ranges of 500 V. or more on special 
order). Single range or multirange 
combinations from 120 V. F.S. to 
6 KV. F.S. 5.2” hand-drawn mir- 
rored scale. Formica case. Available 
as edgewise panel instrument with 
same performance characteristics. 


ELECTRICAL INSTRUMENTS OF PRECISION SINCE 1927 
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‘SENSITIVE RESEARCH’ 
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All Over The World! 
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New York (Met. Area), New Jersey (N.) 
SENSITIVE RESEARCH HOME OFFICE 
New Rochelle, N. Y. BEverly 5-2300 


New York (W.) 
THE ROBERT F. LAMB CO. 
Buffalo, N. Y. TR 6-3757 
New York (Central Area) 
J. F. WULFETANGE, JR. 
DeWitt, N. Y. Gl 6-3330 
New England & New York (E.) 
YEWELL ASSOCIATES, INC. 
Burlington, Mass. BR 2-9000 
Bridgeport, Conn. FO 6-3456 
Poughkeepsie, N. Y. GR 1-3456 
Penna. (E.), New Jersey (S.) 
1, E. ROBINSON CO. 
W. Conshohocken, Pa. CH 8-1600 (Phila.) 
Camp Hill, Pa. RE 7-6791 
Asbury Park, N. J. KE 1-3150 
Penna. (W.) 
S. STERLING CO. 
Pittsburgh, Pa. TU 4-5515 
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Washington, D. C.; Maryland, Dela., 
Virginia (N). 
HORMAN ASSOCIATES, INC. 
Rockville, Md. HA 7-7560 
Baltimore, Md. MO 4-4400 
Virginia (S.); No. & So. Carolina 
JAMES L. HIGHSMITH & CO, 
Charlotte, No. Carolina FR 7-2546 
Richmond, Va. EL 9-1411 


West Virginia 
S. STERLING CO. 
Pittsburgh, Pa. TU 4-5515 
Ga., Kentucky, Tenn., Ala., Fla., Miss. 
BIVINS & CALDWELL, INC. 
Atlanta, Ga. 
Huntsville, Ala. 
Orlando, Fla. CH 1-1091 
Texas, Oklahoma, Louisiana, Arkansas 
ARNOLD BARNES COMPANY 
Dallas, Texas LA 6-8735 
Tulsa, Okla. NA 7-1515 


MID-WESTERN STATES 


Michigan, Ohio 

S$. STERLING CO. 

Detroit, Mich. BR 3-2900 

Cleveland, Ohio HI 2-8080 

Dayton, Ohio AX 8-7573 
indiana 

LAW INSTRUMENT CO. 

Angola, Ind. 217 

Indianapolis, Ind. ST 7-0009 
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PACIFIC and MT. STATES — 
ALASKA and HAWAII 


California, Arizona, Nevada 
McCARTHY ASSOCIATES, INC. 
Pasadena, Colif. MU 1-7411 
Menlo Park, Calif. DA 6-7937 
San Diego, Calif. BR 4-1100 


Washington, Oregon, Idaho, Montana (W.), 


Hawaii & Alaska 
ARVA, INC. 
Seattle, Washington MA 2-0177 
Portland, Oregon CA 2-7337 
Honolulu, Hawaii 506-096 
Colorado, Utah, Wyoming, Montana (E.) 
LAHANA & COMPANY 
Denver, Colorado PE 3-3791 
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GENE FRENCH COMPANY 
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FLOW fs subject for major empha- FEATURE ARTICLES 


sis this month, with articles on The D-P Flowmeter Equation 634 


various techniques. This continues 
our extensive flow series. PAUL ODOM—Derivation of the basic differential-pressure flowmeter equation for 


venturis, nozzles, orifices, and dall flow tubes. 








Flow Measurement in Rocketry we 638 
K. BOWERS, R. L. GALLEY, P. S. VINCELETT—Flow measurement for extremes of flow 


rate, temperature and pressure. 





The Versatile Purge Meter 
J. E. POWELL—The purge meter has many uses. 


The Boundary Layer Mass Flowmeter .............-::c-ssscseccsseeesseenseneeenenenees 642 
JOHN H. LAUB—Measurement of flow based on heat transfer rate. 


Coefficient of the Transverse Pitot Tube Flow Detector 


J. M. ROBERTSON and F. E. SHUSTER—The pitot coefficient for a transverse pitot 
tube is given by a simple equation. 


652 





Measuring Quiescent Air Leak 
JOHN E. FLIPPIN—Technique uses a manometer to establish an equivalent flow, 
measured volumetrically. 


Process Control Systems 54 
Fractionating column instrumentation; Heat input to fractionator controlled by pres- 
ure-drop method. 





Shift-Register Logic 
ROBERT W. BROOKS—The logic of a shift register, implemented by gates. 
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Drum and Disc Storage 
J. M. GOTTSCHALK and W. J. WAYSLENKO—A survey of drum and disc re- 
cording techniques. 


PRINT ORDER 
THIS MONTH Computer Uses 662 


42,900 A sampling of work being done in the chemical and mechanical fields on G-15 
computers. 





April 1961—Instruments & Control Systems—Page 557 





Richard Rimbach, Sr., Publisher 
Richard Rimbach, Jr., Vice-President 


Milton H. Aronson, Editorial Director 
Fred D. Marton, Managing Editor 
Robert C. Nelson, Sr. Assoc. Editor 
James Emge, Assoc. Editor 

Josephine Martin, Assoc. Editor 
Robert E. Becko, Production Manager 


Raymond C. E. Smith, Art Director 


John M. McLeod, Jr., Editor, 


Simulation Council Newsletter Section 


John M. Quirk, Editor, Journal Southern 


California Meter Association 


C. F. Goldcamp, Manager, Research and 


Development 


EXECUTIVE AND EDITORIAL OFFICES 
Pittsburgh 12, Penna., 845 Ridge Ave., Fair- 
fax 10161 or 19831 


SUBSCRIPTION RATES 


For One, Two, and Three Years 

One Two Three 
Year Years Years 

United States, U.S. Pos- 
sessions and Canada $ 4.00 $ 7.00 $ 9.00 
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For change of address, give old as well as 
new address, include postal zone number. 
If possible enclose address label from mag- 
azine, Please allow one month for change. 





Postmaster: Please send Form 3579 to In- 
struments & Control Systems, 845 Ridge Ave., 
Pittsburgh 12, Pa. 





Instruments and Control Systems (including 
Instrument Manufacturing) published monthly 
by The Instruments Publishing Company, Inc. 
Office of publications, 1600 North Main Street, 
Pontiac, Illinois, Executive and Editorial Of- 
fice, 845 Ridge Avenue, Pittsburgh 12, Penn- 
sylvania. Second Class mail authorized at Pon- 
tiac, Illinois. Copyright 1961 by Instruments 
Publishing Company, Inc 


Page 558—Instruments & Control Systems—Vol. 34 





INSTRUMENTS 


CONTROL SYSTEMS 


VOL. 34 NO. 4 
APRIL 1961 


Journal of the Precision Measurements Association ............665 


STANDARDS and MANAGEMENT by C. E. WHITE—Management demands 
justification for its standards and calibration activities. 


Phase Shift Measurements 669 
RAYMOND ROTHSCHILD—Measurement of phase angle is important in 


transformers, resolvers, etc. 





Journal of the Southern California Meter Associatiecn ........671 
REGULATOR STATION FOR LARGE CUSTOMERS by ART FLEMING— 


Factors include stability and vibration. 





The Iterative Differential Analyzer 675 


MAXWELL GILLILAND—Iterative operation makes the IDA the most so- 
phisticated and flexible analog computer. 





Simulation Council Newsletter q 


Western S/C Meeting of 10 Nov. on preflight and postflight 
NID aie siiciena Dele eat a as = = 

Southeastern S/C Meeting of II 

The SCI/GE Symposiu 

SCI activities .......... 





OTHER REGULAR FEATURES 


Letters to the nS ene: 601, 
Editor ................560 Panhandle Pete 
Events ....... 573 


New Literature 


Searchlite 
Section 


News ....---.-------574 New Instruments .... 
New Applications ..576 
Stock Report 


Industry News 


Inquiry Card .......... Advertisers’ 


Product Index 


INSTRUMENTS PUBLISHING COMPANY, publishers to the Instruments and Control 
Systems Industry with four publications: 


INSTRUMENTS AND CONTROL SYSTEMS; INSTRUMENT & APPARATUS NEWS; 
MILITARY SYSTEMS DESIGN; MEDICAL ELECTRONICS NEWS 


DISTRICT OFFICES 


Richard Rimbach, Jr., Vice-President, Sales, New York, Murray Hil! 8-0980 

Boston 16, Mass., Harold H. Short, Jr., 269 Main St., 438-3982 

Chicago 6, Ill., Harold W. Haskett, Madison Terminal Bldg., 9 South Clinton St., Central 6-8963 

Clearwater, Florida, E. F. Nordstrom, 165! Sherwood St., Clearwater 441-9033 

Cleveland (Shaker Heights 22), Ohio, Max G. Bauer, 3310 Warrensville Center Rd., Wyoming 1-7145 

Los Angeles 34, Calif., John Fahey, 2639 S. La Cienga Blvd., Upton 0-8442 

New York 17, N. Y., Richard Rimbach, Jr., 525 Lexington Ave., Rm. 359, Murray Hill 8-0980 

Pittsburgh 12, Penna., Robert Brandegee, 845 Ridge Ave., Fairfax 10/61 

Philadelphia 4, Pa., Robert V. Frey, Suite 100, 10! N. 33rd St., Evergreen 2-3878 

San Francisco 11, Calif., Charlies Clark, 420 Market St., Douglas 2-3899 

St. Louis 1, Mo., Steve Wright, Fred Wright Co., Room 416, 4 N. 8th St., Chestnut 1-1965 

igeten, &- C. 2 England, John C. N. Hughes, T. C. Scott & Son Ltd., No. | Clement's Inn, Hol- 
born 4743. 


CIRCLE 4 ON READER-SERVICE CARD———> 





a 


ana 


PROVIDE: 


TYPICAL 
POST 
DEVELOPMENTS”... 


WIDESPREAD ACCEPTANCE is the 
best evidence of Post’s contributions to 
measurement, and production control. A 
great variety of problems can be solved 
by Post electronic products . . 


FC B-1 High speed, automatic, small parts counter-batcher. Portable 
—Feeds, counts and batches small parts, tablets, hardware, etc. 


LF-1A Lineal footage measurement, electronically . . . Capable of 
length measuring continuous production items, i.e., paper, wire, rope, 
ribbon, etc. 

Features visual and printed readout. 


P2-R M A preset type counter capable of counting batches in any 
desired quantity 1-100 (inclusive) with a built-in, 2 scale, rate meter cali- 
brated in “thousands per hour”. 
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AUTOMATION + CONTROL + WATCH DOG RELIABILITY 


“batch” counting to paper break detec- 
tion. 

Why not “ASK POST” for an analy- 
sis of your particular problem. We will 


. from be happy to help you find a solution. 


P DC The Post “difference” counter . . . capable of maintaining counts 
of two (or more) variables and acting to control exact difference, i.e., 
shafts running at different RPM where it’s important to maintain 
“difference” ratio. Many other applications. Adds, subtracts and visually 
indicates condition. 


P W-5 Shown in paper making application. The counter is connected 
to a lineal footage measuring unit which accurately records paper pro- 
duction. Also provided is a “paper break detector” which will instantly shut 
off the machine should a web break occur. 


ER-1 Edge register detector. Designed to control materials manufac- 
tured or processed in a web form. Detects web edge position with extreme 
accuracy. Inward or outward displacement of web actuates photoelectric 
control relays for correction. 


Get full details on Post equipment today. Check the coupon below. 





*These are only a few of the many electronic counters 


FCB-1 





and controls offered by... 


Please send me the following product literature. 
LF-1A 





NAME 





P2-RM 





TITLE 





DFC 





ELECTRONIC PRODUCTS 


Division of Reid Brothers Co., inc. 


PW-5 


COMPANY 








17 LOTHROP STREET, BEVERLY, MASSACHUSETTS 


ADDRESS 





ER-1 








Your special problems are earnestly requested! 
Note: Complete line of production line counters available. 


Please have a representative call 





For Microwove: 
and Voice 


REMOTE INSTRUMENTATION & CONTROL | 


Telephone Line: 
plications. 
ey. aN 


Modern Design... 


10 Transmitters or Receivers 


and Power Supply in One Single Frame. 


Carrier Ap 


The 2056 Series of Audio tones features modern design utilizing 
plug-in card construction and provides equipment at a very minimum in 
cost with a maximum number of channels in a given space. For example, 
10 AM transmitters or receivers and a common power supply are mounted 
in a single 31/2 x 19” frame. Each channel is conveniently terminated with a 
terminal strip at the rear of the frame. Output relays are mounted on a 
bracket attached underneath the main chassis frame, each relay being located 
directly under its respective channel. 

The channel frequency determining components are also of the plug- 
in type and are mounted directly on the channel plug-in assembly in AM 
units, and adjacent to plug-in assemblies on FS units. This type of design, of 
course, keeps spare parts requirements to a minimum, since all plug-in cards 
are common to all frequencies. 

The 2056 Series of AM tones were designed to meet low speed tone 
signalling and control requirements when low noise lines and inherently 
low noise communication circuits as provided by microwave and voice car- 
rier equipments are available for transmission. 

The 2056 Series of FS tones are used when ultimate reliability and 
high speed keying is required. They can be used in circuits which are inher- 
ently noisy and which are subject to fading conditions. 

The FS tones are available with either TWO or THREE frequency 
outputs. The former being employed in normal signalling and control cir- 
cuits, whereas the latter is used in two-function single channel applications 
such as RAISE-OFF-LOWER, FORWARD-OFF-REVERSE. 





LETTERS TO 
THE EDITOR 





Editor, I1&CS: 

In the article, Digital Comparison 
by NOR Logic, J. B. Boswell, Janu- 
ary 1961, eight NOR units are used to 
generate the three comparison func- 


tions A>B; A = B; A<B. It may be 


Av WB 





v AB 


of interest to readers of your sym- 
bolic logic series that six NOR func- 
tions can do the job, as shown. 
M. C. McMillan 
Computer Control Co. 
Western Division 
Los Angeles, Calif. 


Mr. McMillan, in a following letter, 


also shows how to do it with 4 ele- 
ments, as follows—Ed. 


pony) AVAVB = A(AvB)=A°B=B>A 
2 





(A+B) v(A- B)= 
(A=B) 


Bv AvB= G-(Av8)=A-B=A>8 





Editor, 1&CS: 

We read with great interest the 
article “Digital Comparison by NOR 
Logic” by John M. Boswell in the 
January issue of /&CS. A final cir- 
cuit employing 8 NOR gates was de- 
signed to handle the complete prob- 
lem. 5 NOR gates can be connected to 
establish full comparison of the two 
variables. 

The condition for A = B was giv- 
en in the article as A*B v A*B and 
may also be expressed as 


(A v B)e(A v B). This expression 


is equal to A*B v A*B. The latter is 
recognized as NORing the two in- 
equality outputs. Thus, the signals 
corresponding to A*B and AeB (in 


RFL REPRESENTATIVES: 


1LL., MINN., IOWA, IND., WISC. 
W. L. Cunningham, Elmhurst, III. 
TEXAS, ARK., LA., OKLA. 
Datatrol Co., Dallas, Texas 
ALA., TENN., VA., NLC., S.C., GA. 
Dickerson Eng., Jacksonville, Fla. 
CALIFORNIA 
Luscombe Engr., Pasadena, Calif. 


SEND FOR TECH. DATA — For additional information, 
including application data, write or phone 
DE 4-3100. Demonstrations available 

by local representatives, 


ORE., WASH. 
Hawthorne Electronics, Seattie, Wash. 


NADA 
Microwave Sys., Scarborough, Ont. 
FOREIGN 
Telesco International, New York 
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addition to providing inequality out- 
puts) should be fed into a 5th NOR, 
whose output represent A =B. 
Israel Epstein 
The Clark Controller Co. 
Cleveland, Ohio 


Editor, 1&CS: 


In an article on “Digital Compari- 
son by NOR Logic” in the January 
1961 issue, John B. Boswell states 
that only four NOR elements are re- 
quired for an equality comparison 
and shows a diagram of his circuit. 
As a matter of fact, the same func- 
tion can be easily accomplished with 
just three NOR elements. 

It can be shown by successive ap- 

plication of De Morgan’s Theorem 
(July 1960 page 1141) that this is 
the desired function: 
A*B v AeB = (A*B)*(A*B) = 
(A v B)e(A v B) = AeA v AcB v 
B*A v BSB = A*Bv AvB since A*A 
= BeB=0. 

I suppose you have already learned 
that figures 3B and 4B are reversed 
in the October 1960 article. 

John F. Page 
Radio Corporation of America 
Camden, N. J. 


No we hadn't—thanks. But many 
persons noted the NOR technique, as 
these letters show: 


Editor, 1&CS: 


Referring to the feature article 
“Digital Comparison by NOR Logic” 
on pages 62 and 63 of your January 
1961 edition, the author implies by 
the circuit of Fig. 4 that eight NOR 
gates are required to achieve the 
three outputs: __ 

(1) AB 
(2) (AeB) v (AsB) 
(3) AB 

If advantage be taken of the equal- 
ity. 

(AeB) v (AB) = (AB) (A B) 


= (AvB)+(A vB) 


pr AeB v AeB 
then output (2) could be achieved 
with a single NOR gate whose inputs 
are the outputs (1) and (3). Since 
outputs (1) and (3) require only 
two NOR gates each, the result in 
Fig. 4 could be achieved with a total 
of five NOR gates rather than eight 
as shown. Since this would also re- 
duce the delay associated with output 
(2) by that of one gate, is this not 
what would be done in practice? 

Larkin Scott 

Consultant 

Fort Worth 2, Texas 


HEISE GAUGES 


MICRO SLIDE 


FULL SCALE READING (P.S.1.) 


| $275.50 | $286.50 | $336.50 
| $255.50 | $277.50 | $310.50 | $321.50 | $332.50 | $382.50 


DELIVERY — 2 WEEKS FOR MOST RANGES — PRICE F.0.8. NEWTOWN 
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TO GET GASSED BY 


(A recent letter from our man Melvin, 
lovable Hays representative in the south- 
ern Northeast territory, or is it the other 
way around?) 


Dear Captain Bligh: 


I herewith acknowledge receipt of two 
breathless missives from you. Both are 
barnburners, in your usual vein. Know- 
ing your proclivity for the practical 
joke, I have had many a chuckle over 
the one about my being fired. The 
other is, apparently, one of your spo- 
radic attempts to whip the sales force 
into a frenzy. The subject of this par- 
ticular specimen of purple prose is 
““Hays is the leader in the continuous 
gas analysis field!” 

While I am still reeling from this 
shocker, I read on to find there is 
an insatiable market for our Thermo- 
Conductivity Analyzer in slaughtering 
houses and missile silos. For your in- 
formation, this hardly points to the 
road to riches for lovable old Melvin. 
The miserable territory to which I 
have been exiled has not produced a 
hog worth slaughtering for 20 years. 
And the silos hereabouts contain noth- 
ing but surplus lichee nuts... not a 
missile in the lot. 

What you need, old brontausarus, is 
a new advertising approach. Think, 
man, think! What sells gum and soap? 
Jingles, that’s what! I’ve taken the 
liberty of jotting down a little ditty. 

Now just imagine you are a big 
processor with a gas analysis problem 
being roused by your clock radio from 
a peaceful slumber at 6:30 a.m. to 
this, with a banjo accompaniment: 


If you’ve got gas () } 
That’s tricky to measure 

The Hays Condu-Therm 

Will double your pleasure. 


THE HAYS CORPORATION 


For argon, nitrogen, NO. 

Xenon, freon—the Condu-Therm’s 
for you. 

— deuterium, and ethylene, 


Acetylene, plus CO one and two. 


Benzene, hexylene, a gang of 
methyls 

(Like chloride, bromide, 2 i 
iodide)—and ethyls. 

Pentane, propane, 
and here’s the laugh— f7 

Costs just a fifth of a 
chromatograph! 

Pretty as a coffin, 

Small as a C-ration 

Tougher than the boss 

Of the Hays Corporation. 


In its black satin finish 
It’s a gasser, son! 
Write for bulletin B- 
Six forty-one. 


I have a couple more verses that 
punch up such features as no moving 
parts, no maintenance and pinpoint 
accuracy. They need a little polishing 
but I'll shoot them on as soon as 
they’re ready. 

As an afterthought, in case that 
laughable note about me being fired 
had any connection with my last ex- 
pense account, I thought I had ex- 
plained that fully to Mr. Feeney. But 
perhaps the circumstances that led to 
the charter of a one-horse sleigh and 
the replacement of the Civil War can- 
non in Sauk Junction Park can best 
be discussed face to face the next time 
I am called in for an injection of home 
office wisdom. 


Yours more in sorrow 
than in anger, 


V9 If you decide to put my jingle 
*C* on the air, better print an extra 


supply of bulletin B-641. 


TAS 


President 


MICHIGAN CITY, INDIANA 
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| Editor, 1&CS: 


My congratulations and thanks to 
the readers of my recent article on 
“Digital Comparison by NOR Logic” 
for their quick response to the fact 
that eight NORs were used to per- 
form a function that could be per- 
| formed by only four. This points out 
the highly important fact that while 
Boolean Algebra is a powerful tool, it 
depends heavily on the insight and 

imagination of the user. 


John Boswell 
Radiation, Inc. 
Melbourne, Fla. 





Editor, I&CS: 


| Your January 1961 editorial “The 
| Engineering Shortage” pays only “lip 
service” to the necessity and desira- 
bility for engineers earning the re- 
spect they seek. It is pointless to de- 
| mand a status which can only be 
meaningful if earned. 

Engineering will be established as 
a profession only when engineers are 
recognizable by virtue of their pro- 
fessional conduct. Whinirg for re- 
strictive legislation will not hasten the 
day when the practice of engineering 
achieves the status it deserves. 





Louis E. Owen 
Goodyear Atomic Corp. 
Portsmouth, Ohio 


| Editor, 1&CS: 


Your January Issue had a very 
startling editorial, namely, “The En- 
| gineering Shortage” by D. J. Kipp. 
| We concur with Mr. Kipp on every 
point made and even to the degree. It 
is indeed refreshing to read an accu- 
| rate and up-to-date accounting of a 
| situation which, at the present time, 
has been so poorly handled and re- 
| ported. There is no engineering short- 
age, only a shortage of good engi- 
| neering management. 


Garfield A. Dawe 
Engineering Dept. 
E. H. Sargent & Co. 
Chicago 30, IIl. 


| Editor, I&CS: 


| Over eleven years ago a group of 
| associations of engineers began what 
| they hoped would evolve into the uni- 

fication of the whole engineering pro- 
| fession. This dream is scheduled to 
| fade away next month with the dis- 
| solution of the Engineers and Scien- 
| tists of America. 

During World War II a completely 
| new form of engineers organization 
| came into existence: professional col- 
| jective bargaining associations. These 





cropped up here and there around the 
country. The need for a national or- 
ganization emerged. 

SPEEA (Seattle Professional Engi- 
neering Employees Association) was 
one of the prime movers behind the 
organization in 1949 of the National 
Professional Association of Engi- 
neers, Architects and Scientists, NPA 
for short. While this was a national 
organization, its membership never 
extended beyond the West Coast en- 
gineers associations. Almost at the 
same time, the engineers associations 
in the East began explorations among 
themselves toward creation of a na- 
tional, to be called Council for Engi- 
neering and Scientific Employees, 
CESE for short. When these two 
groups found out about each other’s 
existence, they amalgamated into the 
Engineers and Scientists of America. 

Even during the preliminary ex- 
ploratory conferences, difficulties 
arose. It happened that about half 
of the participating associations rep- 
resented both engineers and techni- 
cians and about half represented the 
professionals only. Naturally, each 
type wanted to create the national in 
its own image. A compromise was 
finally reached which enabled the 
two types of associations to be af- 
filiated with each other. However, 
after a few years, internal pulling and 
hauling caused this compromise to 
be reopened for discussion. The end 
result of this was that the half of 
ESA which was compromised of 
mixed units disaffiliated from the pure 
professional half. The end came at 
last when the RCA engineers decided 
to disaffiliate. 

Why didn’t ESA catch hold and 
grow? I believe that the answer flows 
from the most distressing of all char- 
acteristics of us engineers, namely a 
severe lack of any feeling of brother- 
hood with one another. Without the 
“glue” of a sympathetic community 
of interest, ESA had no option but to 
limit its activities to those specific 
tasks upon which we just happened 
to find a near-unanimity of opinion. 
Sadly, we came to realize that there 
was no such unanimity on specifics. 
Apparently ESA was “born 50 years 
too soon.” Apparently our profes- 
sion has not yet developed the col- 
lective maturity to be ready for unity 
on a national scale. We must gain 
enough experience in standing up 
for our own interests to develop a na- 
tional consensus of appropriate em- 
ployment characteristics and to devel- 
op a feeling of brotherhood with our 
fellow engineers. 


Dan N. Hendricks, Jr. 
President, SPEEA 
Seattle 1, Washington 


8 cu. ft. “PORTABLE" 


temperature test chamber 


The MC-222 is the largest precisi 
chamber available an economical, accurate, 


itv for dynamically “proof-testing” electronic components. 


Only the portable MC-222 offers 
f , + 9 f mall } + 





ENVIRONMENTAL & I TEST EQUIPMENT 


Statham Instruments, Inc. 
12401 W. Olympic Blvd. 
Los Angeles 64, California 
Granite 8-0361/TWX: 
West Los Angeles CAL 6602 
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VTROLPHIGHLY CORROSIVE FLUIDS 


WITH 


FISHER 
Bar Stock Bodies 


Design 510-BP ‘s : Type 510-BA : Type 511-B 
plastic bar a control valve 


stock body 


control valve 


DESIGN AND CONSTRUCTION 


Plastic Bar Stock Bodies Metal Bar Stock Bodies 
Design ‘‘BP’’ Design ‘‘B’’ or ‘‘BA’’ 


Penton, Type I polyvinyl chloride (PVC), Carbon steel, stainless steel, Monel, 
Body Material or other plastics of suitable mechanical Hastelloy C, Nickel, and other bar stock 
properties metals 
Body Sizes A", %", 1" 1", ha", 1” 
End Connections Screwed or socket ends Screwed or socket ends 

Fluted plastic or metal plug with equal Fluted or contoured metal plug with 
Valve Plug Style percentage flow characteristic equal percentage flow characteristic 
Orifice Sizes 4", He", Ye", 34" 4", Ye", V2", 3" 

; Penton: 125 psi at 220° F. 1500 psi at 450° F. 

Pressure Rating PVC: " 125 psi at 140°F. 


f Type 510 normally open or Type 510 normally open or Type 511 nor- 
Available Type 511 normally closed diaphragm mally closed diaphragm actuator. Also 
Actuators actuator available with Type 470 piston actuator 


For additional information, see yur FISHER/ MAN or write for current Bulletins 


Fisher Governor Company, Marshalltown, Iowa. Plants 
in Woodstock, Ont., Rochester, England. Butterfly Valve 
Division: Continental Equipment Co., Coraopolis, Pa. 









































If it flows through pipe anywhere in the world 
.--chances are it's controlled by....... 
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now! 
plug in 
the solution 
to your 
alan) eliarercvarela 
problem! 





Special Plug-In Units Make KIN TEL’s Wideband DC Amplifier the Basic 
Component in a Variety of Data Acquisition Systems. Why Not in Yours? 


With a 112A-A Plug-in, the amplifier provides accurate drift- 
free signals at any of ten fixed gains from —20 to —1000 with 
a stability of +0.1% and an accuracy within +0.5%. A Micro- 
Gain control sets individual fixed gains within +0.01%, anda 
2:1 vernier control adjusts gains between fixed steps. Out- 
puts are available up to +45 volts or +40 ma at an imped- 
ance less than 1 ohm, linear within 0.01% at DC and within 
0.1% to 2 ke. Drift is less than 2 uv for 400 hours, and noise 
is less than 5 wv from DC to 750 cps, less than 12 uv to 50 kc. 
Bandwidth is within +0.5% to 2 kc, +3% to 10 kc, +3 db to 
beyond 40 ke. 


With a 112A-B Plug-in, the amplifier gain is fixed at +1 with 
an accuracy, stability, and linearity within +0.001% at DC, 
+0.1% to 2 kc. Input impedance is 10,000 megohms + 100ypf 
at DC, 1,000 megohms +100 ypf at 2 kc. Bandwidth extends 
to 100 ke. Output capabilities are the same as with the 
112A-A plug-in. 

With a 112A-0 Plug-in, the user may install resistances for 
any fixed gain or for +1 operation as described above. Re- 
sistive and reactive components may be installed for use as 
a summing amplifier, an integrator, or for other specialized 
operational application. 


With a 112A-AO Plug-in, ten fixed gains are available with all 
the features described for the 112A-A unit, and in addition, 


an operational position is provided on the panel control for 
use with an external feedback network in specialized summer, 
integrator, or computer functions. 
With any plug-in, the 112A may be used in a single-amplifier 
cabinet on a bench or in either a one- or six-amplifier module 
to fit a standard 19-inch rack. Write today for detailed tech- 
nical literature or demonstration. Representatives in all 
major cities. 

PRICES: 

112A amplifier alone 

112A-A Ten-gain Plug-in 

112A-B Plus-one Plug-in 

112A-O Empty Plug-in 

112A-AO Ten-gain / Operational 

195 single-amplifier cabinet 

191A Single-amplifier rack module 

190 Six-amplifier rack module 


KIN TEL 


scecrTrromics. imc. 


5725 Kearny Villa Road 
San Diego 11, California 
Phone: BRowning 7-6700 
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] 
: 


NEW Greater dynamic range 

MINCOM 200 cps to 300 kc at 60 ips 

Model G-100 All-transistorized “card system” modules 
Recorder- FM and Direct recording/reproducing 


Reproducer 14 tracks—one rack 
Lower power requirements 


Write for brochure 
& - . WHERE RESEARCH IS THE KEY TO TOMORROW 


MINCOM oivision Minnesota Minne ano [Yfanuracturinc company 


2049 SOUTH BARRINGTON AVENUE, LOS ANGELES 25, CALIFORNIA « 425 13th STREET N.W., WASHINGTON 4, D. C. 
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SyonQhde 


CONNECTIONS 


Only Swagelok has such a complete vari- 
ety of Bulkhead Tube Fittings. Standard 
Swagelok Bulkhead Tube Fittings include: 


Bulkhead Unions 

Bulkhead Adapters 

Bulkhead Male Connectors 
Bulkhead Swagelok to AN Unions 
Bulkhead Female Connectors 
Bulkhead Reducing Unions 


Swagelok Bulkhead Fittings are available 
in sizes for 1/16" through 1” O.D. tubing 
and can make leak tight connections on 
a wide variety of tubing materials such 
as stainless steel, monel, Nylon, Teflon, 
glass, copper, steel, etc. 


Swagelok Bulkhead Fittings, like all 
Swagelok Tube Fittings, are available in 
any machineable metal or plastic to meet 
your particular requirements. 


Remember, whether you require fittings 
for the simplest application or the 

most demanding, whether it is 

unusual tubing material, unu- 

sual fitting material or unusual 

fitting types, Swagelok Tube 

Fittings solve your problem. 























116" 0.D. 316 STAINLESS TUBING 





13" 0.D. STEEL TUBING 


3/16" O.D. COPPER TUBING 


4/4" 0.D. GLASS TUBING 








z0veaR 





Y2" 0.D. NYLON TUBING 











~ §f4" 0.D. TEFLON* TUBING 


a2 2 


1” 0.D. MONEL TUBING 


* Dupont Trademark 


TUBE FITTINGS: 2 SOLVE YOUR PROBLEMS 


{ 


CRAWFORD FITTING COMPANY - 


884 EAST 140th STREET +- CLEVELAND 10, OHIO 


CRAWFORD FITTINGS (CANADA) LTD., NIAGARA FALLS, ONTARIO, CANADA 


. 


eS 


ElectriK Tel-O-Set—the true 2-wire system 
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This “Loop Snooper” adds to the extraordinary ease of installation 
and maintenance you'll find in the ElectriK Tel-O-Set System. 
It's a portable test instrument that can accurately check . . . from 
the control panel... any Tel-O-Set unit in the field, to make sure 
signals are being received and sent exactly as they should be. 
Or it can operate and check a recorder chassis, indicator chassis or 
controller on the bench, with local power. The “Loop Snooper” 
removes trial and error from installation and maintenance, 


" _ — a ee ie. 
bes 
———— we a 


SIMPLEST TO INSTALL, ADJUST AND MAINTAIN 


The ElectriK Tel-O-Set System has many features 
that save time in getting on stream, and keep 
maintenance to a minimum. For example, all 
process connections are isolated from the inside of 
Tel-O-Set transmitter and transducer cases, so that 
you can mount, pipe and wire the instruments 
without removing their covers. Instrument chassis 
can be removed for servicing without breaking any 
external process or electrical connections. Stand- 
ardized parts and extensive use of quick-connect 
and plug-in design cut downtiine and spare parts 
requirements. 


No external power is required a‘ any field-mounted 
Tel-O-Set instrument; line power is connected only 


at the receiver. Two-wire d-c transmission eliminates 
shielding and further reduces installation costs. The 
4-20 milliamp signal range gives a live zero through 
the use of readily available reliable transistors. 


Your nearby Honeywell field engineer can tell you 
how ElectriK Tel-O-Set advantages relate to your 
particular control requirements. Call him today 

. he’s as near as your phone. Or write to 
MINNEAPOLIS-HONEYWELL, 21 Penn Street, Fall 
River, Massachusetts. 


Honeywell 
— 


HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the wor.J, Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan, 
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100X MAGNIFICATION OF A MOUNT. 
Each division .001 in. 


TubeXperience in Action 


“I 


Capillary ID size is checked under 100x magnification 


—yet this critical inspection is only 
7 of 3 used to check ID of Superior 
capillary tubing 

At Superior, in checking the ID size of capillary tubing we 
don’t rely on only one reading from our inspection micro- 
scope, we require four. Then we double-check in two other 
ways—one the use of a relatively simple plug gage, the other 


a comprehensive flow inspection to ascertain the average ID 
dimension. These inspections also give you assurance of a 


free passage through the bore, uniformity of ID surface and a 
satisfactory grain structure. 


Superior has spent years in the development of manufacturing 
processes and quality control procedures for the production of 
close tolerance capillary tubing. ODs range up to %% in., 
IDs from .004 through .040 in. Analyses include Types 304, 
316, 321, 347 and 446 stainless; also Monel, Inconel, nickel 
and carbon steel alloys. Data Memorandum No. 11 gives 
complete details—let us send you a copy. Superior Tube 
Company, 1968 Germantown Ave., Norristown, Pa. 


Syoeriir lade 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to Y¥ in. OD—certain analyses in light walls up to 2\4 in. OD 


West Coast: Pacific Tube Company, Los Angeles, California e FIRST STEEL TUBE MILL IN THE WEST 
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seal 


CONSOLIDATED SAFETY RELIEF VALVE’S Sealing Bellows 


protects against damage from contaminants, corrosion, or 


viscous fluids 


MAXWELL 


IN| JYOOW 9 


Balanced Bellows Type Consolidated Safety 
Relief Valves have a durable, two-ply stain- 
less steel Sealing Bellows that isolates and 
protects working parts from destructive ele- 
ments in the lading fluid. 


The bellows is balanced with the seating sur- 
face. Even with superimposed back pressure 
in the relieving system, valve performance is 
consistently stable and dependable. The bel- 
lows does not affect the high capacity of the 
valve, nor does it require change in set pres- 
sure. Even the blowdown adjustments are 
limited. 


Additionally, Consolidated Safety Relief 
Valves now offer a no-leak tightness main- 


Consolidated Safety 
Relief Valves are 
available in both 
Balanced Bellows and 
Standard designs. 
The Standard type has 
an eductor tube that 
effectively removes 
bonnet pressure. 


tained by a resilient “O” Ring Seat Seal re- 
tained in the valve disc. This Seal assures 
tightness at operating pressures far closer to 
set pressure than with metal-to-metal seats 
alone, yet does not carry the seat load imposed 
by the spring. The Seal also takes piping 
strains much better than all-metal seating. 


The Sealing Bellows and “O” Ring Seat Seal 
are typical of the extra quality built into Con- 
solidated Safety Relief Valves to assure 
absolute protection for personnel and plant. 
These fine features plus flat seating and 
single ring construction also eliminate many 
maintenance problems and costs. Write for 
Catalog 1900 and Bulletin 1940. 


CONSOLIDATED SAFETY RELIEF VALVES 


A product of 


MANNING, MAXWELL & MOORE, INC. 


Valve Division + Tulsa, Oklahoma 


Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
Latin America: Export Division, Chrysler Building, New York, N. Y. 
Europe: Manning, Maxwell & Moore, S. A., Fribourg, Switzerland 
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Poly-Flo Fittings for polyethylene 
(Imperial Poly-Flo) tubing 





pee 





Poly-Flo Fittings for polypropylene 
(Imperial Impolene) tubing 





Poly-Flo Fittings for soft metal tubing 


New way to simplify and save on low-pressure circuitry 


Now you need only one fitting for low-pressure circuitry—whether 
you use plastic, thermoplastic or soft metal tubing. With that one 
fitting—Imperial Poly-Flo®—you economize on materials and 
economize on simplified assembly. 

The unique design of Poly-Flo Fittings eliminates inconvenient 
inserts. Assembly is quick and easy. Material and time costs are 
lowered. Fittings hold beyond burst pressures of the tubing, as- 
suring dependable assemblies for instrumentation as well as many 
hydraulic and pneumatic circuitry applications. 

When used with polyethylene tubing, Poly-Flo Fittings are 
simply finger-tightened, saving additional time and money. No 
tools except a wrench are ever needed with other tubing. 


To iid ug. Sit =| ag - 
ined °F Sagas et eegesehe: = 


IMPERIAL EASTMAN 


Imperial-Eastmon Corporation General Offices: 6300 West Howard Street, Chicago 48, Illinois 


Imperial-Eastman Corporation (Canada) Ltd., Barrie, Ontario + Imperial-Eastman, $.A., Apartado Postal 26544, Mexico 13, D.F. 
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Poly-Flo Fittings available 
in variety of styles, sizes 


Poly-Flo Fittings include straight 
unions, connectors, half unions, 
bulkhead unions, reducing adapters, 
elbows, tees and Kwik-Connect 
valves. Sizes to 1% in., tube o.d. For 
complete information, write for 
Bulletin 3025-F. 


Kwik-Connect Couplings 


Push ... the fitting 
snaps together, 
forming a reliable, 
pressure-tight con- 
nection with 2-way 
flow. Click... it's 
disconnected—flow 
instantly cut off. 


IMPERIAL — 
EASTMAN 











Fe .) EVENTS 


April 19-21 


Seventh Annual Southeastern ISA 
Conference and Exhibit, Charlotte, 
North Carolina. For information write 
Eugene B. Finch, Route 2, Box 673-C, 
Charlotte 9, North Carolina. 


April 19-21 


Thirteenth Annual Southwestern IRE 
Conference & Electronics Show 
(SWIRECO), Memorial Auditorium 
and Baker Hotel, Dallas, Texas. For 
information write Frank J. Ocna- 
schek, Collins Radio Co., Richardson, 
Texas. 


April 25-27 


Ninth National Conference on Elec- 
tromagnetic Relays, Oklahoma State 
University, Stillwater, Okla. For in- 
formation write Prof. Chas. F. Cam- 
eron, School of Electrical Engineer- 
ing, Oklahoma State Univ., Stillwater, 
Okla. 


April 26-28 


Seventh Regional IRE Technical Con- 
ference and Electronic Exhibits, West- 
ward Ho Hotel, Phoenix, Ariz. For in- 
formation write H. W. Welch, Jr., Box 
1417, Scottsdale, Arizona. 


April 30-May 4 


National Aero-Space Instrumentation 
Symposium, Adolphus Hotel, Dallas, 
Texas. For information contact: W. J. 
Gabriel, Convair Div., General Dy- 
namics Corp., Ft. Worth, Texas. 


May 2-4 


IRE-AIEE Electronic 
Conference, Jack Tar 
Francisco, Calif. For information 
write Daniel Breading, Fairchild 
Semiconductors Inc., Palo Alto, Calif. 


Components 
Hotel, San 


May 8-10 


Thirteenth Annual National IRE 
Aerospace Electronics Conference, 
Biltmore and Miami Hotels, Dayton, 
Ohio. For information write NAECON 
Publicity, 4668 Hedgewood Ave., Day- 
ton 16, Ohio. 


May 8-10 


National ISA Power Instrumentation 
Symposium, LaSalle Hotel, Chicago, 
Ill. For information write Meeting 
Manager, Instrument Society of 
~~, 313 Sixth Ave., Pittsburgh 
22, Pa. 


May 9-11 


Western Joint Computer Conference 
and Exhibit, Ambassador Hotel, Los 
Angeles. For information write Dr. 
Walter F. Bauer, Ramo-Wooldridge, 
a division of Thompson Ramo-Wool- 
dridge, Inc., 8433 Fallbrook Ave., 
Canoga Park, Calif. 


May 9-17 


International Exhibition Measure- 
ment, Control, Regulation, Automa- 
tion (Mesucora) Centre national des 
industries et des techniques, Paris, 
France. For information write Mesu- 
cora, Service Propagande, 40 rue du 
Colisee, Paris 8°, France. 


May 10-12 


Pulp and Paper Instrumentation Sym- 
posium, Northland Hotel, Green Bay, 
Wis. For information write Meetings 
Manager, Instrument Society of 
i 313 Sixth Ave., Pittsburgh 
22, Pa. 


May 22-24 


National Telemetering Conference, 
Hotel Morrison, Chicago, Ill. For in- 
formation write Jack Becker, Dept. 
32-29, AC Spark Plug Div., General 
Motors Corp., Milwaukee 1, Wis. 


May 22-24 


Fifth AIEE-IRE National Symposium 
on Global Communications (GLOBE- 
COM V), Hotel Sherman, Chicago, III. 
For information write Donald C. 
Campbell, I.T.T.—Kellogg, 5959 S. 
Harlem Ave., Chicago 38, III. 


May 23-25 


Symposium on Large Capacity Mem- 
ory Techniques for Computing Sys- 
tems, Department of Interior Audi- 
torium, Washington, D.C. For infor- 
mation write Josephine Leno, Code 
430A, Office of Naval Research, 
Washington 25, D.C. 


June 4-9 


Ninth Annual ASTM Meeting on 
Mass Spectrometry, Hotel Sherman, 
Chicago, Ill. For information write 
Dr. George Crable, Gulf Research 
Center, Box 2038, Pittsburgh 30, Pa. 


June 6-8 


ISA Summer Instrument-Automation 
Conference & Exhibit, Royal York Ho- 
tel and Queen Elizabeth Hall, Toron- 
to, Ont., Canada. For information 
contact Instrument Society of Ameri- 
ca, Wm. H. Kushnick, 313 Sixth Ave- 
nue, Pittsburgh 22, Pa. 


June 9-17 


International Chemical Engineering 
Exposition and Congress ACHEMA, 
Frankfurt am Main, West Germany. 
For information write Chicago Sec- 
tion American Chemical Society, 86 
East Randolph St., Chicago 1, Ill. 


June 12 


ISA-APCA Air Pollution Instrumen- 
tation Symposium (with the June 11- 
15 Annual Meeting of the Air Pollu- 
tion Control Association), Hotel Com- 
modore, New York, N. Y. For infor- 
mation write Meetings Manager, In- 
strument Society of America, 313 
Sixth Ave., Pittsburgh 22, Pa. 


June 13-16 


Biennial International Gas Chroma- 
tography Symposium, Kellogg Center, 
Michigan State University, East Lan- 
sing, Mich. For information write 
Meetings Manager, Instrument Soci- 
ety of America, 313 Sixth Ave., Pitts- 
burgh 22, Pa. 
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NEWS 





PRECISION POTENTIOMETER MFRS. ASSN. 
(27 East Monroe St., Chicago 3, Ill.) recently formed, 
formalized plans for 1961 activities during its Annual 
Meeting held in Phoenix. Main activities mapped out 
include, that the Government and Industry Specifica- 
tions Committee will continue its work to analyze MIL- 
R-12934B. The Standards and Nomenclature Committee 
will formalize proposals for procedures to measure tem- 
perature coefficients, and to measure linearity. The 
Reliability and Applications Committee will survey re- 
liability problems. 

Companies that have officially become members of 
PPMA include: Analogue Controls, Inc.; Borg Equip- 
ment Division; Bourns, Inc.; Clarostat Mfg. Co., Inc.; 
Daystrom, Inc.; DeJur Amsco Corporation; Edcliff In- 
struments; Fairchild Controls Corporation; Gamewell 
Company; General Controls Company; Helipot Division, 
Beckman Instruments, Inc.; International Resistance Co. ; 
Markite Corporation; New England Instruments Co.; 
George Rattray & Co., Inc.; Spectrol Electronics Corp.; 
and Technology Instruments Corp. 


CASE INSTITUTE OF TECHNOLOGY will have in 
its summer study program a course on Digital Control 
Systems Engineering (June 19 to June 30, 1961). For 
more information address Herbert B. Schultz, Jr., Man- 
ager of Special Programs, Case Institute of Technology, 
University Circle, Cleveland 6, Ohio. 


ISA Recommended Practice 26.4 on “Dynamic Response 
Testing of Final Control Elements and Actuators” has 
been prepared in draft form to permit reviewing and 
commenting before its publication. Available from F. H. 
Winterkamp, E. I. duPont deNemours & Co., Inc., P. O. 
Box 993, Charleston 24, W. Va.—Recommended 
Practice ISA-RP16.4 covers nomenclature and termi- 
nology for extension- type variable-area meters (rotame- 
ters). Available from Instrument Society of America, 313 
Sixth Ave., Pittsburgh 22, Pa., 50c to ISA members and 


75¢ to non-members. 


Gordon Research Conferences 


The Gordon Research Conferences for 1961 will be 
held from 12 June to 1 September at Colby Junior Col- 
lege, New London, New Hampshire; New Hampton 
School, New Hampton, New Hampshire; Kimball Union 
Academy, Meriden, New Hampshire; and Tilton School, 
Tilton, New Hampshire. The Conference comprises an 
informal type of meeting consisting of scheduled lectures 
and discussion groups. 

Attendance at each Conference is limited to approxi- 
mately 100 conferees. Requests for attendance at the 
conferences, or for additional information, should be 
addressed to W. George Parks, Director, Department of 
Chemistry, University of Rhode Island, Kingston, Rhode 
Island. From 12 June to 1 September 1961 mail for the 
office of the Director should be addressed to Colby Junior 
College, New London, New Hampshire. 
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llth General Conference 
on Weights and Measures 
PARIS, FRANCE—The Conference confirmed the ac 


tion of the International Committee on Weights ani 
Measures in defining the second of time as 1/31,556,- 
925.9757 of the tropical year 1900 instead of 1/86,400 
part of the mean solar day. 

The temperature of a mixture of ice and water at nor- 
mal atmospheric pressure, used as a standard for tempera- 
ture measurements for many years, was abandoned and 
replaced by the equilibrium temperature of ice, water, 
and water vapor, which is more accurately reproducible. 


MIT will present a special summer course on Experi- 
mental Techniques in measurements of displacement, 
strain, force, torque, velocity, acceleration, flow, tem- 
perature, wear and surface characteristics. Time: June 
13 through 23. More information may be had from 
N. H. Cook, Associate Professor in charge of Materials 
Processing Division, Department of Mechanical Engi- 
neering, Massachusetts Institute of Technology, Cam- 
bridge 39, Mass. 


COMPUDYNE’s new computer facility, built by Elec- 


tronic Associates, more than doubles its old system and 


enables it to solve highly complex problems such as wind- 
tunnel or pipe-line-compressor surge control, multi-stage 
process interrelationships in refineries and other chemi- 
cal process plants, etc. 


WESTERN JOINT COMPTER CONFERENCE in 
1961 has been scheduled for May 9-11 at the Ambassador 
Hotel in Los Angeles. 


FISHER GOVERNOR CO has produced a 16-mm 
sound-color film “Napoleon’s Gun Barrels,” which de- 
scribes the growth of the gas industry from its begin- 
ning. To borrow a copy without charge contact your 
Fisher sales representative. 


DAYSTROM SYSTEMS and UNIVERSAL OIL 
PRODUCTS CO. have joined forces, resulting in a 
computer-operated control system for the entire petroleum 
and petrochemical industries. It has proved successful 
in pilot-plant operation. 
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ASEA 


builds world’s largest 
load rated cell... 
7 million pounds 


Rated at 7,000.000 pounds, the largest capacity Press 
ductor, now being built in Sweden for a U. S. steel mill, 
measures 25’x24”...and is only 3” thick. Its output 
voltage is sufficient to drive an instrument or relay 
with no need for amplifier. 


ASEA Pressductor’s error of measurement, under normal 
conditions, is within +1% of actual value between 10- 
100% nominal load. Under ideal conditions, even better 
accuracies may be obtained. 


In service at many modern rolling mills, ASEA Press- 
ductors are proving their suitability for the most diffi- 
cult applications where dirt, dust and moisture 
problems exist. ASEA Pressductors withstand consider- 
able overload without damage...are free of hysteresis 
(particularly important in automatic system regulation) 
... resist lateral forces...offer interchangeability of 
units (no recalibration necessary)...and both calibration 
and performance are unaffected by age. 


The superiority of ASEA Pressductors is now being 
proved in the following applications: 


Measurement of: 

rolling forces and strip tension in rolling mills @ pro- 
pulsion forces in ships m web tension in paper ma- 
chines @ column pressures in buildings 


Weighing of: 

Coils in rolling mills M@ ore, etc., in hoppers @ loads 
on cranes, hoists, elevators @ charges in electric 
furnaces 


Overload protection: 
for transportation and handling equipment 


Future planned applications include: 

Measurement of: 

rocket test stand thrust M® tension of conveyor belts @ 
torque in sluice gate hoists @ pull in carrying cables 
and drag lines @ drilling pressures for deep drilling 


Weighing of: 
trucks, railway cars, aircraft, etc., on loading plat- 
forms 


Write for detailed descriptions of ASEA Pressductors 
and the advantages they offer to your specific job 
application. 


U.S. Sales and Service: ASEA ELECTRIC, INC. 
East Coast: 500 Fifth Avenue, New York 36, N. Y. 
West Coast: 55 New Montgomery Street, 

San Francisco 5, California 


“ASEA world pioneer in electrical products for industry” 


“April 1961—Instruments & Control Systems—Page 575 


a 


if 





NEW APPLICATIONS 





BAILEY METER COMPANY has received a contract 
for a Bailey 720 Economic Load Control System that will 
control frequency and/or tie-line load as well as distri- 
bution of load on incremental rate basis between eight 
generating units at three plants of Columbus and South- 
ern Ohio Electric Company. (Bailey Meter Co., 1041 
Ivanhoe Rd., Cleveland 10, Ohio). 
CIRCLE 186 ON READER-SERVICE CARD 


ROBERTSHAW-FULTON CONTROLS CO., Aero- 
nautical & Instrument Div., has supplied the Level-Tel 
continuous level indication system for the Shell Chemical 
Corporation Latex plant in Torrance, Calif., monitoring 
the copolymerization of synthetic rubber’s two basic in- 
gredients—butadiene and styrene. (Robertshaw-Fulton 
Controls Co., Santa Ana Freeway & Euclid Ave., Ana- 
heim, Calif.) 
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AMERICAN ELECTRONICS, INC., Special Instru- 
mentation Systems Div., has installed (in seven American 
cities) “Arbitron,” an electronic computing device which 
instantaneously measures the audience tuned to any tele- 
vision program at any given moment. 


AERO SERVICE CORP. (210 E. Courtland St., Phila. 
20, Pa.) has created a new, lower-cost method of photo- 
recording highways from the driver’s point of view. The 


81072 W 


MO30660 


recording Photo/File system employs a specially modi- 

fied 16-mm camera to provide a sequential record of the 

highway at regular 1/100th-mile or 53-foot intervals. 
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Army Gets s Special Digital 
Tape Handler 
REDWOOD CITY, CALIFORNIA.—An advanced mag- 


netic-tape transport, designed to be compatible with all 
members of the Army’s FIELDATA family of computers, 
has been developed by Ampex Military Products Com- 


Re arial 





pany (P. O. Box 727, Redwood City, Calif.) a subsidiary 
of Ampex Corporation. Completely transistorized, and 
designed to be van-mounted, eleven of these units are 
being delivered to the U. S. Seventh Army in Germany as 
part of the new Army Data Processing System (ADP). It 
will be used for both clerical and high-speed computa- 
tional work. 

The Army asked for a reliability rate of 101° char- 
acters. This is approximately one undetected error in 
1,000 reels of tape. Ampex achieved this goal under the 
most adverse simulated conditions, by using seven sup- 
port channels for seven channels of information. 
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Meter Marking Device 


CAMDEN, N. J.—Substantial savings in service time 
and costs have been effected, and recording reliability 
has been improved by a new ink-cartridge meter mark- 
ing device now undergoing field tests at Du Pont’s 
Chambers Works, Deepwater Point, N. J., and in other 
industrial plants employing up to several thougand re- 
corders and controllers. 

At the Du Pont plant, test installations were made in 
the spring of 1960 on both inside and outdoor vertical 
dial meters, recording water consumption, steam con- 
sumption, and temperatures. One of the installations was 
made in a small wooden shack built directly over an open 
water trough. All installations have operated satisfac- 
torily, with minimum servicing, under varying condi- 
tions of heat, cold, and humidity. 


Marking device be- 
ing inserted in a 
Hagan recorder. 


Developed by Esterbrook Pen Company, Delaware 
Ave. & Cooper St., Camden, N. J., the new marking device 
substitutes a capillary system drawing ink from a dis- 
posable cartridge for the conventional manually-filled, 
open-bucket type system. Because the cartridge contains 
sufficient ink for up to several months of operation, fill- 
ings several times per week or even per day previously 
required by the open-bucket systems are eliminated. 

Failure to mark due to clogging of the ink flow is also 
eliminated, since dust, dirt, and moisture that cause clog; 
ging cannot get into the system. The ink cartridge is 
sealed until punctured by the capillary tube when _in- 
serted for use. The transparent plastic cartridge assures 
visibility of the ink supply at all times. Replacement of 
an exhausted cartridge takes only a few seconds. 

Esterbrook’s meter marking device is readily adaptable 
to all existing-type. recorders—circular, strip, miniature, 
and plotter—and has been adopted as standard on Hagan 
Ring Balance Recorders manufactured by Hagan Chemi- 
cal & Controls, Inc., Pittsburgh, Pa. 
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OMS 


TO THE ENGINEER 


looking for a quick connection 


Engineers out to cut costs at no expense of 
reliability can count on dramatic savings in 
assembly and wiring time by designing 
around AE Class E relays with quick-connect 
terminals. 

Series EQPC is designed for direct insertion 
into printed circuits. Series EQTT, with 
Taper-Tab terminals, provides firm, high- 
conductivity connections without soldering. 


AE also supplies Class E relays prewired 
for plug-in — with standard 8- to 20-prong 
octal plugs. Where additional relay protec- 
tion is essential, the plug-in types are avail- 
able in hermetically sealed containers or with 


+N 


dust-tight housings and hold-down brackets. 


The AE Class E relay is a miniaturized version of 
the premium-quality Class B, with many of its 
best features. Perfect contact reliability exceed- 
ing 200 million operations is common. 


AE is also equipped to supply wired and 
assembled, custom-built control units, or to 
help you develop complete systems. 


Want details? Just write the Director, 
Control Equipment Sales, Automatic Elec- 
tric, Northlake, Illinois. Also ask for Circular 
1702-E on Relays for Industry, and the new 
32-page booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS 
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HOW WOULD YOU 3 
MEASURE THE DELAY 
THROUGH THIS 
CABLE? 


Until now it was impossible to measure this short a time 
interval with sub-nanosecond accuracy. 


Now, this measurement can easily be made with Eldorado’s 
new Model 1060 Time Interval Meter plus a digital inter- 
polator. Solid state throughout, the Model 1060 measures 
time interval with 10 nanosecond resolution. The interpola- 
tor improves the resolution to better than 0.1 nanosecond. 


Using this equipment, the delay introduced by the 10-inch 
cable plus its connectors was measured as: 
1.43 +.05 nanosecond 


This resolution is the equivalent of a 20,000 Me direct 
counting time interval meter! 


The Model 1060 Time Interval Meter is an independent unit 
suited for all time interval measurements in the 10 nano- 
second range or counting in the 100 Mc range. The inter- 
polator accessory is available at modest extra cost. 


Even though your time measurement problems are not in 
the area of cable delays, but rather in the fields of radar 


ranging and calibration, high speed velocity measurement, 
rocket sled timing, shock waves, ultra-high speed photog- 


raphy, satellite tracking, ballistic missile studies, or ahy 
field where data is gathered in the form of a time interval 
measurement, this new technique may offer the solution you 
have been seeking. 

For specific details on the Model 1060 and the interpolator, 
and for assistance in applying them to your problems, contact 
your Eldorado engineering representative or drop us a line 
at the factory. Please address Dept._54. 








BASIC DATA MODEL 1060 COUNTER-TIME INTERVAL METER EG ldorado 


Time Interval Meter 


MAX. TIME INTERVAL econds * RESOLUTION: 10 nanoseconds i 
SAL START/STOP PULSE REQUIREMENT: —4 volts into § lectronics 


l \ OP PUL 4 volts into 50 ohms 
0.0001% * READOUT: Nixie inline and output for printout 


TOR STAR 


2821 TENTH STREET 
109 counts * MAX. COUNTING RATE: 100 Mc/s BERKELEY 10, CALIFORNIA 
L INPUT PULSE REQUIREMENT: +4 volts into 50 ohms PHONE: THORNWALL 1-4613 
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You must know BOTH" 
to get maximum combustion efficiency! 


How much money is going up the flue in 
unburned fuel losses? Is too much air result- 
ing in excessive heat losses? 

You must know both facts—simultaneously 
—to get optimum combustion. Noinstrument 
that measures only one of these interdepend- 
ent factors can give you the full information 
you need. 

Bailey offers a choice of two direct ways 
to maintain a continuous and simultaneous 
double check on these factors that determine 
combustion efficiency. The portable, light- 
weight Bailey HEAT PRovER Analyzer indi- 
** UNBURNED : | cates both; the Bailey Oxygen-Combustibles 

rey tS ; 4 : Analyzer-Recorder records both on a single 
LOSS ae é chart. Both instruments measure excess air, 
regardless of fuel or fuels being burned, and 

per cent of combustibles in flue gas. 

Either of these Bailey instruments can save 
you far more than their cost in spotlighting 
combustion inefficiencies. Ask your Bailey 
engineer or write for product specifications. 


ZONE OF MAXIMUM 
COMBUSTION EFFICIENCY 


2 DIRECT WAYS 
to measure both combustibles 
and oxygen simultaneously 


PORTABLE INDICATOR — Self-contained, 
lightweight, Bailey HEAT PROVER Analyzer 
enables quick, easy check on combustion con- 
ditions. Dual range dials for greater accuracy 
and readability. 


PERMANENT RECORDER — Bailey Oxygen- 
Combustibles Analyzer-Recorder coordinates 
both records on one chart... is designed for 
permanent installation...helps maintain 
optimum ratio continuously. 


* Unburned gas loss and excess air loss. 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1041 IVANHOE ROAD « CLEVELAND 10, OHIO 
in Canada—Bailey Meter Company Limited, Montreal 
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Large production gives you low prices! 


AHMPIRIIE 


Thermostatic DELAY RELAYS 


2 to 180 Seconds 


Actua by o heater, they o 
A or Pulsating Current 

Hermetically sealed. Not affected by 

altitude, moisture, or climate changes 

SPST only—normally open or closed 

Compensated temperature 

changes from —55_ te 80 C. Heat 

I ers consume approximately 2 W. and 

AMPERITE may be operated continuously. The units 

seared are rugged, explosion-proof, long- 

ELAY 1 | lived, and—inexpensive! 
| efit TYPES: Standard Radio Octal, and 9 
Pin Miniature List Price, $4.00. 


PROBLEM? Send _ for 
Bulletin No. TR-81 


Also— Amperite Differential Re- 
lays: Used for automatic overload, un 
der-volfoge or under-current protection 


BALLAST REGULATORS 


Amperite Regulators are designed to keep the 

current in a circuit automatically regulated 

at a definite value (for example, 0.5 amp 
For currents of 60 ma. to 5 amps. Operate 
AC, D.C, or Pulsating Current 

















’ 

VOLTAGE OF 24V ' WITH AMPERITE 

BATTERY & CHARGER } VOLTAGE VARIES 
VARIES APPROX, 4 ONLY 


0% : 2% 


ambient temperature (—50 to ] or humidity Rugged 


List Price, $3.00. 
Vrite for 4-page Technical Bulletin No. AB-51 


AMPERITE 


561 Broadway, New York 12,N. Y.... CAnal 6-144 
in Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 
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BATTERY VOLTAGE 


by changes in altitude 


light, compact, most inexpensive 


STOCK 





REPORT 


Further information may be obtained from the Re- 
search Department, Bache & Co., 36 Wall Street, 
New York 5, N. Y. 


NEW YORK STOCK EXCHANGE 
PRICE RANGE FOR 1961 THRU MARCH 21, 1961 


Price As Of 
3/21/61 





ACF Industries 
Aeroquip Corp. 

Allis Chalmers 
American Chain & Cable 
Amer. Mach. & Foundry 
Amer. Mach. & Metals 
American Meter 
American Optical 
American Tel. & Tel. 
Ampex Corp. 

Aro Equipment 

Bausch & Lomb Optical 
Beckman Instruments 
Bell & Howell 

Bendix Aviation 
Boeing Airplane 
Bullard 

Bulova Watch 


Cinn. Milling Machine 
Clevite 

Columbia Broadcasting Sys. 
Consol. Electronics 
Corning Glass 

Curtiss Wright 

Cut ler-Hammer 

Daystrom 

Douglas Aircraft 


Electric Auto-Lite 
Elgin Watch 

Emerson Electric 
Engelhard Industries 
Pood 


Garrett 

General Controls 
General Dynamics 
General Electric 
General Instruments 
General Mills 

Gen. Precision Equip. 
Gen. Railway Signal 
Gen. Tel. & Elect. 
Generel Time 

General Tire & Rubber 
International Bus. 
International 
Internat'l. Tel. 
I-T-E Circuit Breaker 
Lear Inc. 

Litton Industries 
Lockheed Aircraft 


National Acme 
National Cash Register 
Reptune Meter 

North American Aviation 
Northrop Aircraft 

Otis Elevator 

Philco Corp. 

Radio Corp. of Amer. 
Raytheon Mfg. 

Reliance Electric 
Rheem Mfg. 

Robertshaw Fulton 


Siegler Corp. 

Sperry Rand 

Square D 

Standard Kolleman 
Starrett (1.58.) 
Stewart-Warner 
Telautograph 

Texas Instruments 
Thompson-Ramo-Woo ldr idge 
Tung-Sol Electric 
Underwood Corp. 

Union Carbide Corp. 
United Shoe Machinery 
Varian Associates 
Wallace & Tiernan (new) (a) 
Western Union 
Westinghouse Air Brake 
Westinghouse Electric 
Worthington Corp. 


These prices and price ranges are given as printed in the Wall Street Journal. 


AMERICAN STOCK EXCHANGE 
PRICE RANGE 1961 THRU MARCH 21, 1961 
Price As Of 
3Z21/61 


Barry Wright Corp. 5 7/8 
Belock Instruments 7/8 
Benrus Watch vs 
Breeze Corp. 

Burnell & Co. 

Clark Controller 

Clarostat Mfg. 

Clary Corp. 





(Continued from Page 582) 


Cubic Corp. 
Dynamics Corp. of Amer. 
El-Tronics 

Electronics Corp. of Amer. 
Pairchild Camera & Instruments 
Fischer & Porter Co. 
Giannini Controls 

Globe Union 

Hazeltine Corp. 
Loral-Blectronics (new) (a) 
National Research 

New Haven Clock 

Nuclear Corp. of Amer. 
Philips Electronics, Inc. 
Pneumatic Scale 

Polarad Electronics 

Servo Corp. of Amer. 
Servomechanisms 

Statham Instruments Inc. 
Textron Electronics 
Victoreen Instrument Co. 


vi Be : 
Waltham Prec. Instr. Co. a at, ated ~ 
Catt for Recording 
These prices and price ranges are given as printed in the Wall Street Journal. : . ae Instruments 


Barry Controls merged with Wright Line, Inc., new name is Barry Wright Corp. We offer to the Instrument 


Hy Maker Charts for all meth- 
OVER THE COUNTER : ods of Recording: Pen, Ball 
pe ue ee of Point, Electrical, Thermal, 

er psp tapi Rekeaecpiarteser g Pressure and Inks for Diazo 
iaiestane. dos and general use. Uniform ac- 
Argus Corp. ; Sod curacy is assured through 

ac iv iryson ne. s. 0 . . . 

Celeb Spates the use of specialized equip- 
Eitel Mc Cullough ie 
Electro Instruments i ment operated under con 
Electronics Associates oF trolled atmospheric humid- 


Erie Resistor Corporation Pe . ene 
Fisher Governor Co. = ity conditions. 


Foxboro Company (new) ; 

Hagan Chemicals & Controls 3 GUBELMAN CHARTS 
Milgo Electronic Corp. - * . 
Industro Transitor Div. of Nashua Corporation 


Liquidometer Corp. : , 100-6 E. KINNEY ST., NEWARK 5, N. J. 





WwW. L. Maxson 
Hewlett-Packard Co. 
Penn Controls 

Speer Carbon, Inc. 
Sprague Electric 

Taylor Instruments (new) 
Telechrome Mfg. Corp. 
Telecomputing Corp. 
Vitro Corp. of Amer. 
Wallson Associates Inc. 

















High Voltage Supply Unit 


with built-in electronic stabilizer. 150 kV D.C. 
Made in West Germany 


This new unit embodies the most advanced features and offers 
important advantages in research and technical fields. It can be 
used for: High voltage supply for electron-optical examinations 
. . . Examinations of structure by means of electron diffraction 
. .. Deflecting voltage for particle accelerators . . . High voltage 
source for neutron generators . . . Electric testing of materials 
. .. Electrostatic spraying . . . Electronic sorting . . . High volt- 
age supply during lectures, etc. 

A safety device is incorporated to protect the operator against 
being subjected to dangerous high-voltage discharges. The unit 
is free of disturbing high-frequency radiation, and has only small 

— interfering magnetic fields. Line voltage fluctuations of +10% 
MODEL HA 150R have practically no influence upon output. Mounted on casters 
A 60 kV unit is also available. —easily movable. 

Write for literature. 


COMPLETE 


GAIL BETWS SS, SIV E,, °**\'E Facuities 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 
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Moore Products introduces a new name 


—for an entirely new instrument technology 


Today, Moore engineers are working in applied \ 


research—with encouraging results—on the use of 


new operating principles which they call 


Basic Amplifier Binary Computer Element 
with memory 


For tomorrow, these principles are showing 
promise for a line of pneumatic process-control and 


computing instruments which will 
—have no moving parts 
—have extremely high speed response 
: : . Oscillator 
—receive and transmit shock wave signal 
—be free of ambient-temperature limitations 


—operate at low or high power levels 


—be unaffected by vibration or acceleration 


SSP is still in the research and develop- 
ment stage. Here are schematic diagrams 
of a few of the current projects. 


Holding-in Relay High-speed Dimensional 
(positive feedback) Gaging Switch 
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How to make a shrewd increase in recorder efficiency 


With twice the performance, the Ampex FR-600 is still compatible with earlier equipment. 


Doubles tape utilization and obviates standby equipment 


Your FR-600 records 125 ke data at 30 ips instead of 60 — 
gives twice the recording time per reel. For exampie, you get 
48 minutes recording time on 10'%-inch reels, 96 minutes 
on 14-inch at 30 ips. Not only are tape expenditures cut in 
half, but standby recorders on long sessions may no longer 
be needed. And for a broader data spectrum in the future, 
your FR-600 can accommodate 250 kc at 60 ips or 500 ke 
at 120 ips. 

Multiplies available recording time and eliminates error 
Two-hour warmup and adjust sessions are reduced to ten 
minutes by the FR-600’s transistorized circuitry. Final cali- 
bration is a One-time-per-use operation. Post-warmup sta- 
bility — less than 1% drift per 24 hours — precludes time- 
wasting adjustments and minimizes creeping inaccuracies. 
Because your FR-600 is ready when needed, it works more 
hours per day, saving both your time and its own. 


Updates performance of older equipment 

The FR-600 plays back tapes from most existing data re- 
corders. And because playback heads generally determine 
overall frequency response, use of an FR-600 for playback 
can permit earlier equipment (with simple adjustment) to 
record the same high information density as your FR-600. 


The essential data 

The Model: FR-600 Laboratory Recorder/Reproducer. Num- 
ber of tracks: up to 14. Reel sizes and tapé widths: 10%- or 
14-inch NAB, with %2-inch or 1-inch tape, interchangeably. 
Frequency response: 300 to 250,000 cps + 3 db at 60 ips with 
direct recordings; 0 to 20,000 cps + 0.25 db at 60 ips in FM- 
carrier recording — proportionate response at other speeds. 
Tape speeds: 60, 30, 15, 7% ips; 120, 3%, 1% ips optional. 
Types of recording: direct, PDM and FM-carrier, by plug-in 
modules. Compatibility: yes, with Ampex 300 and 800 series; 
FR-100 and FR-1100 series, and AR-200 and CP-100 series. 


For detailed information on the complete Ampex line of data recorders, write: 


AMPEX INSTRUMENTATION PRODUCTS COMPANY i) 
Box 5000, Redwood City, California 


Experienced engineers eager to contribute to Ampex's pioneering reputation are invited to write the Manager, Technical Recruiting. 





CONTROL TIPS: 





TYPE A PRESSURE PILOT 
(AIR LOADED) 








Ah ETE RE RI NR 


STEAM CONTROL PIPE 


* New Spence Temperature Control System 
~ with Cascade Control Accuracy» 
at Regulator Costs : 


DELIVERY PRESSURE 
(i.e. HEATER PRESSURE) 
GAGE 





a 














MAIN VALVE 
(i.e. TYPE EA 
PRESSURE 
REGULATOR) 








AiR SUPPLY 





In a recent installation the new Spence 
air-control temperature regulating sys- 
tem provided: 

e +5°F control accuracy under wide 
and instantaneous load swings of 210 
to 80 gallons per minute. 

Up to 50% reduction in cost as com- 

pared to instrument systems of simi- 

lar accuracy. 

This unique cascade-type control with 
throttling range adjustment independ- 
ent of maximum heater pressure was 
developed to meet today’s demand for 
greater control accuracy. 

Additional features of the new Spence 
Temperature Control System include: 
e 200°F wide adjustable temperature 

range 

® Adjustable speed of steam pressure 
ehange 
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FILTER REGULATOR 


AIR LOADING 
PRESSURE GAGE 


Cag 


AIR SUPPLY GAGE 














Over and under temperature pro- 

tection 

Pressure limit control 

last response 

Very low air consumption 

Field reversible for heating or cooling 

The Spence Type EAT Air Control 
Temperature System, when properly in- 
stalled, will tame wide ranging, fast 
changing loads of instantaneous heat- 
ers and modern heat exchangers. The 
cascade principle plus the use of an 
extremely fast responding bi-metal tem- 
perature sensing element reduce time 
lags and provide control stability. 
Here’s how the 
new Spence system operates: 
Quick response is based on a bi-metal 
temperature sensing element. 
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CONDENSATE 
‘OUTLET 





Temperature pilot continuously reg- 
ulates a loading air pressure. 

This loading signal, when applied to 
a pressure regulator to reflect heater 
temperatures, causes it to adjust the 
main valve as changes in load require. 

Spence has also developed a new 
pressure control system based on this 
same cascade principle. This system has 
a control accuracy of ¥2 psi or better 
from positive pressures through the 
vacuum range to 30” Hg. 


For complete information on these 
new air controlled temperature and 
pressure control systems, write for 
your copy of Bulletin 9. 


SPENCE ENGINEERING COMPANY, INC. 
Walden 1, New York 


SE-148A 








IN WEAPONS SYSTEM EVALUATION 
EPSCO DELIVERS ITS SPECIFICATION 


Currently in use at EGLIN AFB... 


ADVANCED AERO/SPACE 
DATA SYSTEM DOES 10 
DAYS’ WORK OVERNIGHT 


Since early 1960, this Epsco PCM Data Gathering System has 
been in use by Republic Aviation Corporation in its flight test 
program of the new F-105D Thunderchief Mach 2 fighter- 
bomber. 

The Epsco PCM Airborne System samples, multiplexes, and 
digitizes 84 high- and low-level analog channels, then records 
these plus 15 auxiliary 13-bit digital inputs on a magnetic tape 
handler in the test aircraft. When the plane returns to ground, 
the digital tape is played back on the Epsco PCM Ground Sta- 
tion and the test data efficiently stripped, edited, and recorded 
in computer format for direct entry into Republic’s IBM 704 
computer. Through this high-speed data reduction process, all 
flight test information, including a full computational analysis 
of the F-105D’s toss-bomb computer, is available by the next 
morning. This overnight speed with which data is made avail- 
able cuts weeks from Republic’s flight test data analysis time, 
materially speeding up the entire F-105D test program. 

Epsco’s PCM equipment was selected to meet the exacting 
test requirements of the F-105D weapons system because of 
such advanced design features as random programming, 
adjustment-free operation, system expandability, and opera- 
tional versatility as well as inherent extreme accuracy and fast 
sampling speeds. 

The advanced PCM system, Model PCM-S-4010, also may be 
supplied with airborne telemetering capability. For further 
details, write for Bulletin AE-Aero PCM. 





Upper left: Epsco PCM Airborne System in nose of F-105D test ship. Adjustment-free 
system permits prolonged operation without requiring access to installation. 


Lower left: Epsco’s PCM Ground Station features extensive search and editing functions to 
strip out desired data for analysis, prepares data for direct entry into Republic’s 1BM-704 


Computer. 


€psco _ 2 ee 


A Division of EPSCO, Incorporated 
275 Massachusetts Ave., Cambridge 39, Mass. UNiversity 4-4950 
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PARIS FROM MAY STH TO MAY 17 TH 1961 


MESUCORA. 


INTERNATIONAL EXHIBITION 
MEASUREMENT - CONTROL - REGULATION - AUTOMATION 
AND 58TH EXHIBITION OF THE 
“SOCIETE FRANCAISE DE PHYSIQUE” 


— First French Exhibition exclusively devoted to these techniques, the most impor- 
tant and the most international one realized in Europe. 

— International Congress, the subject of which will be “Recent progress in the 
fields of Measurement, Control and automatic Regulation, resulting from the co- 
operation of the Techniques (electric, electronic, mechanical) ”. 

— 700 Exhibitors - 14 nations - 35.000 square meters. 

— The most recent discoveries and appliances of the theoretic and experimental 
research. 

— Most refined measurement and control equipments, materials and methods ; their 
applications to regulation and automation in the fields of the industry and of the 
public services. 

— An unprecedented gathering, an international confrontation of the highest techni- 
cal value which 

ALL the responsible persons in industry and the public services 

ALL engineers and research workers 

ALL teachers and students of the technical and scientific Upper Teaching 


MUST VISIT 


centre national des industries et des techniques 


Call on : MESUCORA - Service Propagande - 40, rue du Colisée - Paris 8° - 
Tél. BALZAC 77-50 

FRANCE for the complete documentation, stating if you want it in French, German 
or English. 
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BRUSH INSTRUMENTS 


in multi-channel 
recording 
systems 


« 


there Is 
MOTI MEWEL nce nns nme wiv sr 


newest oscillograph is the ideal choice for today’s most advanced telemetry and computer 
systems. Its precision and reliability are proven. You get analog data instantly recorded on 
eight 40mm channels... and the sharpest traces on rectilinear coordinates you’ve ever seen. 
Thirteen electrically controlled chart speeds take the guesswork out of interpretation. All 
functions are operated by pushbutton . . . including an ingenious auto-load chart changing 
arrangement. But . . . the most important reason of all is that this vertical panel oscillograph 
carries the name ‘‘Brush’’. No one is as qualified. See for yourself. Call, write or wire. 


Brush INSTRUMENTS 


DIVISION OF 
3774 ANDO PERKINS | CLEVITE | CLEVELAND 14, OHIO 
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FAST DELIVERY 
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Versatility of the Conoflow LB valve makes it suitable for any control service— 
easy or tough. Write for literature today or contact your local 
Conoflow representative (in all principal cities) for prices. 


CONOFLOW CORPORATION 


FOREMOST IN FINAL CONTROL ELEMENTS 


2100 ARCH STREET, PHILADELPHIA 3, PA. 
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HONEYWELL 





RECORD 2 TO 24 POINTS with ten-in-one ‘‘quick-change”’ instrument 


With the new Universal Multipoint ElectroniK 15 
Recorder on the job, you'll be able to change the 
number of recording points from 2 to 3, 4, 6, 8, 
10, 12, 16, 20, or 24 in a matter of seconds. With 
this ‘‘quick-change’”’ feature built into it, the new 
Universal can do the job of 10 recorders! 


Conversion is as easy as this—remove thumb nut 
and slip off old print wheel and indicator dial, 
slip on new wheel and dial, replace nut, plug in 
number of points desired and you're ready to go! 


If the monitoring jobs in your laboratory, indus- 
trial shop, or industrial process require frequent 
changes in the number of records required, you'll 
want to get the complete story on the new Univer- 
sal Multipoint ElectroniK 15 Recorder. 


Contact your nearby Honeywell field engineer for 
full details. Minneapolis-Honeywell, Wayne and 
Windrim Aves., Phila. 44, Pa. In Canada, Honey- 
well Controls, Ltd., Toronto 17, Ontario. 


Honeywell 
Lid Fouts in. Corttol 


Since tees 


HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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DALL FLOW TUBES 
Standard Models 


Extremely low head loss reduces 
pumping and transmission costs. For 
mainline metering of water, sewage, 
non-corrosive trade wastes and gas, 
and low pressure steam. Available in 
6” to 48” line sizes, pressures up to 
250 psi. Durable, accurate, easily in- 
stalled, low cost! 


DALL FLOW TUBES 
Plastic Insert Models 


Corrosion-resistant construction... 
meters water, trade wastes, process 
chemicals, salt water, air and gases. 
Low cost, light weight, short laying 
length, high accuracy, low head loss! 


DALL FLOW TUBES 
Weldment Models 


For specialized fluid measurement... 
metering petroleum, chemicals, gases 
or other process fluids at low or high 
pressures and temperatures. Strong 
weldments of wide variety of metals 
in many forms. 
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POSITIVE CONTROL OF MATERIALS IN MOTION (gins 


difference in differential producers 


No single differential producer is “best” for all metering applications. 

Many factors influence the selection of the right primary element . . . type of 
fluid, desired accuracy, recovery requirement, capacity, upstream 
disturbances, etc. The difference between “average” and “best” metering of 
flows depends on a thorough evaluation of all pertinent factors. 


B-I-F can give you better service on flow measurement than anyone else. 

We have done more of it . . . know more about it . . . and have the most 
complete line of differential producers. Unbiased recommendations are based 
on the most comprehensive, performance-proved flow application data 
available to industry. From B-I-F, you get “customized” metering to your 
exact application requirements at standard unit costs. 


For fast, competent help, ensuring maximum efficiency from your 
instrumentation systems through proper primary selection, contact B-I-F. 


Request Ref. No. 100-P5-A for full details. Write B-I-F Industries, Inc., 
396 Harris Avenue, Providence 1, R. I. 


VENTURI TUBES 


For mainline metering, pump testing, 
engine testing, high accuracy test 
installations . . . water, sewage, air 
and other fluids. Feature high accu- 
racy, low head loss, constant discharge 
coefficient over wide flow range. 


VENTURI INSERT NOZZLES, Flanged 


For pump discharge, air conditioning 
condenser and chilled water loops, air 
to aircraft engines (production test 
work), and similar installations requir- 
ing high enduring accuracy. Insert 
design withstands severe thermal 
shock . . . pressures limited only by 
main pipe line. 


VENTURI FLOW NOZZLES, Welded 


Accepted standard for metering radio- 
active water in primary loops of atomic 
reactors, petroleum products in pipe 
lines, condensate lines, etc. Special 
tubes and nozzies suit all high pres- 
sure, high temperature or particular 
materials requirements. 


Industries 





BUILDERS-PROVIDENCE * PROPORTIONEERS * OMEGA 
METERS ¢ FEEDERS * CONTROLS / CONTINUOUS PROCESS ENGINEERING 


SPECIAL VENTURI NOZZLES 


Specifically designed for metering of 
sludges, slurries and liquids contain- 
ing a high degree of settleable solids. 
Line sizes from 1” to 12”. Cast iron or 
cast steel body with bronze or stain- 
less steel trim. Single tap design 
adaptable to flushing and purging 
accessories. 
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DEKORON TYPE “AT” MULTICOUPLE EXTENSION WIRE WITH 
MAGNETIC SHIELD keeps your process up to par years longer. 


(@) dal-lan- keh vs-tah t-te] -1- me) mm BI -1, co) gelamm A's el-mw UM laloiielel—m-1-t-11-1 au lal-)¢- 0) t-te 
idle) ane | -1- 04-1 ga -1-11-) ¢-Ualot—mn co mmodael-Jallale mmeosal—laaller-Um-Calemaalel-id0lg= 
attack for lowest maintenance. Always specify Dekoron 
fo] golel0koae-mcolmmaat-0 4laalelaalm ol-1mce)maat-Ualet—myai da maallaliaaly 4-10 melel-1e 


NO CONDUIT REQUIRED 


Flexible Stee/ Armor 
MAGNETIC-ELECTROSTATIC SHIELD 


Viny/ Outer Sheath 
DIRECT-BURIAL APPROVED 


Modified Square Lock Armor 
MECHANICAL PROTECTION 


Twisted Pairs 
CANCEL OUT NOISE 


Number-Coded Pairs 
INSTALL FASTER 





Dekoron New Metl-Cor combines exclusive par- 
allel tubes of copper or aluminum with polyethy- 
lene protective sheath. Lack of ‘corkscrew 
effect’’ speeds installation. Dekoron also offers 
a full line of metal-armored tubing harnesses. 


SAMUEL MOORE & COMPANY e¢ DEKORON PRODUCTS DIVISION ¢e MANTUA, OHIO 


Dekoron Protecto-Pac (Type FB shown), an all- 
plastic harness with high resistance to weld splash, 
sparks, flash fires, etc. Dekoron Poly-Cor (not 
shown) has number-coded polyethylene tubes, 
Mylar® vapor barrier, flexible vinyl outer sheath. 





quality ® research ® service 








Illustrating how speed changing 
turrets are applied to the chart arbor 
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You never need to wind 
the Rockwell Gas Drive 


GAS (OR AIR) POWERS THIS NEW CHART 
TIMING DRIVE. With it you can forget the costly 
chore of periodic winding. It’s completely self-start- 
ing, self-contained. You can use the Rockwell Gas 
Drive with profit and gain accurate, automatic op- 
eration of recording charts on practically any make 
orifice meter, gas lift intermitter, pressure recorder 


Rockwell Gas Drive pow- 
ers this typical intermitter 
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or temperature gauge. It is particularly applicable 
for remotely located instruments. 

Since the Rockwell Gas Drive consumes only 6 
cubic feet of gas in 24 hours it is economical to use— 
safe, too, for there is no exhaust problem. 

The Gas Drive operates on a pressure range of 15- 
25 psi and delivers 15 in. lbs. of torque to the main 
arbor which rotates once every 24 hours. Geared tur- 
rets which snap onto this arbor provide optional 
speeds of 2, 3, 4, 6, 12, 48 or 72 hour, 7 or 8 day rota- 
tion. So with a stock of Rockwell Gas Drives, plus a 
selection of economical turrets, you can serve all your 
instrument needs. Get facts now. Write Rockwell 
Manufacturing Company, Pittsburgh 8, Pa. In 
Canada: Rockwell Manufacturing Company of Can- 
ada, Ltd., Guelph, Ontario. 


GAS DRIVES, CHART DRIVES 


© 


ROCKWELL 
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S,0NAC ULTRASONIC, 


NON-CONTACT SENSING AND SWITCHING SYSTEM 


ei : Before Sonac, sensing and switching control systems which 
Package Ro involved breaking a beam of energy were limited by vibration, 
and Diversion © ' z ade 
fia td dust, smoke, steam, air contamination and too much or too 
little light. Sonac’s ultrasonic energy ‘‘beam’’ is completely 
free of these limitations. The acoustic lens on Sonac sensors 
can actually be painted without affecting performance. Utilizing 
high frequency sound also means there are no lamps to burn 
out. Savings in replacement parts and maintenance time often 
means Sonac pays for itself. Sonac is completely transistor- 
ized, providing you with a rugged, dependable electronic circuit. 


& 3 


These are just a few of Sonac’s many 
uses. Optional equipment includes 
reflectors for precision beam and po- 
sitioning control, and coupler assem- 
blies for use with flexible tubing for 
remote sensor locations. This descrip- 
tive booklet will be sent to you on 


DELAVAN west. 
Mh lanufacliting Company. 


WEST DES MOINES « IOWA 
CIRCLE 34 ON READER-SERVICE CARD 


Page 594—Instruments & Control Systems—Vol. 34 





Where can you use solid-state inverters 
with performance like this? 


@ Wide operating temperature ranges—Models now @ High-power-conversion efficiencies under full load 
available and in development, designed for ambients 28v dc input. 
cenging famn.0 ew ag eee We HEY. @ Protection against output overloads—100 va models 
@ Closer frequency regulation—As close as +0.02 cps will withstand 100 va overloading, for 10 minute 
under full load at ambients from +60°F to 175°F periods once an hour. 
in some models. < . 2 
@ Transient voltage suppression—Transient suppres- 
@ Voltage regulation to +0.87% under full load at scr removes or attenuates voltage spikes—safeguards 
ambients ranging from —20°F to +175°F. semi-conductor elements. 


The inverters listed here are only a small portion of the Hamilton Standard line of power 
conversion equipment. Other models are available to satisfy a wide range of industrial 
power supply problems... microwave and telemetry systems... remote signalling, 
warning, and measurement systems—wherever circuit interruption cannot be tolerated. 

Whatever your power conversion requirements are, Hamilton Standard engineering 
can be of real help to you now... in the initial planning or redesign stage. 


CHARACTERISTICS OF 100-VA STATIC INVERTERS SEND FOR YOUR COPY of this illustrated 


Static Power Conversion Guide. Clip coupon 
CATALOG NO. ECB-1.1-AA ECB-1.1.7-AA ECB-1.1.13-AA and mail to: 








Output 
Voltage 115v+ lv 115v+5% 115v+5v 
Frequency 400+% cps 400 cps+1% 400+ 1% 


Phases Three Three Single 





HAMILTON STANDARD e Electronics Department 
Section 110, Broad Brook, Connecticut 


Name 





Transient protection Yes Yes Yes 





Input voltage 
Nominal 28v de 28v de 28v de 
Range 18-29v de 20-29v de 18-29v de 


Dimensions 5 "x6 "x8% ” 5"x6"x7%4" 5%"x5%4"x8%” 


Company 








| 
| 
| 
| 
I 
| 
| Position 
I 
| 
| 
| 
| 





UNITED AIRCRAFT CORPORATION 


AMON SUANDAGO DIVDSIOD 


ELECTRONICS 
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The Control Valve 


that Drains 


ANNIN’S MODEL 1900 SELF-DRAINING CONTROL 
VALVE is designed to completely drain the line and valve 
body of corrosive fluids, slurries, and other flowing media which 
contaminate or tend to set up and harden in the system. Body 
and trim are designed so that all surfaces slope downstream, 
making the valve completely self-draining when installed in 
either the horizontal or vertical position. All body parts are 
interchangeable with other Annin models, allowing an option 
of globe, angle or three-way body patterns. Model 1900 is de- 
signed to accept all standard actuators— Pneumatic Domotor, 
Electro-Pneumatic, Electro-Hydraulic, Cylinder or Manual. 


Send for latest technical information. 


SA py, 
TUM vaives 
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itself 


Model 1900 has many applications in the process 
industries, both in batch operations which re- 
quire cleansing of the system after each run and 
in continuous processes after the system is shut 
down. Unique self-draining design of the valve 
body eliminates problems of fluid contamination, 
fermentation, toxicity and solidification. 


THE ANNIN COMPANY 


1040 South Vail Avenue, 
Montebello, California 





Teletype Mode/ 28 ASR— 


page printer, tape reader, tape punch... . ; 


all in one! 





“i, 


A compact data communications center 


The Teletype Model 28 ASR set is a machine of many 
talents—time and money saving talents that are ready to 
go to work in your data and message communications 
systems. 

The page printer provides facilities for sending and 
receiving on message paper or sprocket-fed forms. It can 
also be used for preparing records or as a read-out device. 
Platens are available to accommodate a variety of form 
widths, from 35%” to 9”. 

The punched tape equipment is unusually flexible and 
versatile. Facilities are provided for encoding data into 
tape (with or without printing on the tape) . . . transmit- 
ting from tape . . . integrating repetitive data from previ- 
ously prepared tape with variable data by keyboard . . 
obtaining punched tape as a by-product of communica- 
tions for computer and other business machine input. 
There is a choice of four different punches and four dif- 
ferent readers and, where additional tape punch facilities 


are needed, a model is also available with.an -auxiliary 
tape punch. 

In addition, the Model 28 ASR: comes-equipped ‘with 
a “big plus’ —the Stunt Box,:a built-in programming 
mechanism that offers an inexpensive solution to a wide 
variety of remote control and:switching tasks, such as 
automatic station selection and telemetering. 

All of these facilities are available to you in a compact 
console measuring approximately 39” high, 36” wide and 
23” deep. 

Teletype Corporation ‘manufactures this equipment 
for the Bell System and others who require the utmost re- 
liability from their data communications facilities. Tele- 
type equipment can be used with Data-Phone and other 
communications services. 

For a free brochure on the Model 28 ASR, write to 
Teletype Corporation, Dept. 22D, 5555 Touhy Avenue, 
Skokie, Illinois. 


TELE TYPE 


CORPORATION © suvssioiuny of Western Electric Company inc. 
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The lineup, left to right—Diaphragm actuator, globe body . . . Cylinder actuator, 
split body . . . Diaphragm actuator, split body . . . Cylinder actuator, globe body. 


Interchangeable! 


MIX THEM, MATCH THEM TO THE JOB...AND SAVE! 


HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan 
CIRCLE 38 ON READER-SERVICE CARD 
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Honeywell’s split-body and globe-body control valves team up beautifully with Honeywell 
cylinder and diaphragm type actuators. Use either actuator with either valve. The beauty 
lies both in the economy and perfect matching to the application made possible by this inter- 
changeability. The ‘“‘mix and match”’ versatility of Honeywell valves and actuators lets you 
select the exact degree of performance you require. No need to push a valve beyond its design 
limits, on one hand, or to pay for more performance than you need, on the other. You get the 
best valve-actuator combination for a given application, at the lowest cost. The new 
Honeywell ‘“‘Valve Size Computer” helps you make 


your mix and match selection . . . send for yours to- 
day. MINNEAPOLIS-HONEYWELL, Fort Washington, Pa. Honey well 
| ee in Couttol, 


SINCE 18865 
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HABITUAL 
SPLITTER 
OF HAIRS 


... because a mil can matter greatly im 


RECORDING CHART PERFORMANCE 


Even a fraction of a mil can bulk large in the 
thickness of a recording chart. That’s why John 
Mazurowski and his thickness micrometer are so 
important to chart users. 

A process change in an eastern oil refinery, for 
example, called for a longer strip chart in a tem- 
perature recorder — but the diameter of the roll 
could be no bigger than before. GC engineers 
solved this problem by working with our paper 
mills to reduce chart paper thickness from 0.00275” 
to 0.0019” while preserving strength and flexibility. 

To make sure our charts meet the requirements 
of your instruments, GC engineers test paper stock 
for moisture content and tear-strength, too. This 


- 


rigid inspection of paper that is produced exactly 
to GC specifications is a major reason why GC 
Recording Charts consistently fulfill their promise 
of accurate performance. 


Other reasons for GC quality include our special 
formula printing inks, our exclusive innovations 
in plate-making and printing, and the scrupulous 
humidity control maintained throughout our man- 
ufacturing and storage areas. 


GC Recording Charts have become standard 
equipment in more than 5,000 plants today. We stock 
more than 15,000 different charts—and will design 
and produce accurate special-purpose charts. Send 
for our newest Stock List —and for sample charts. 


RECORDING 


CHARTS 
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Advances in Astronautical Sci- 
ences, Vol. 5, [cl1960] American 
Astronautical Society, Inc. distributed 
by Plenum Press, Inc., 227 West 
17th St., New York 11, N. Y., 356 
pp-, 10”, clothbound, $8.00. Volume 
represents Proceedings of the sec- 
ond Western National Meeting of the 
American Astronautical Society. Con- 
tains 26 reports on theoretical and 
‘experimental aspects of the most 
recent astronautical research. 


Introduction to Laplace Trans- 
forms for Radio and Electronic 
Engineers, by W. D. Day [c1960], 
Interscience Publishers, Inc., 250 
Fifth Ave., New York 1, N. Y. 183 
pp-, 814”, clothbound, $5.50. “Writ- 
ten by a radio engineer for radio 
engineers” this book uses practical 
approach of use of mathematics to 
solve practical problems. Gives the 
student the facility of using trans- 
forms to investigate transient con- 
ditions. Transforms will be found 
much easier to handle than differen- 
tial equations. 


Digital Computer and Control 
Engineering, by Robert Steven Led- 
ley, [c1960] McGraw-Hill Book Co., 
Inc., 330 West 42nd St., New York 
36, N. Y., 835 pp., 9”, clothbound, 
$14.50. An elementary engineering 
textbook intended for senior under- 
graduates. Covers all aspects of the 
field from a detailed engineering 
point of view. 


Digital Computer Principles, by 
Wayne C. Irwin, [cl960] D. Van 
Nostrand Company, Inc., 120 Alex- 
ander St., Princeton, N. J. 321 pp., 
9”, clothbound, $8.00. A book for 
the beginner. Emphasis is on princi- 
ples, illustrated with examples of 
circuits, devices, and systems. The 
author starts with the details and 
synthesizes a general system. 


Semiconductor Digest, published 
by Systematic Programming & Edit- 
ing Co., 3604 Woodland, Kansas City, 
Mo. 346 pp., 9”, ring-binder $12.50. 
Book consists of specifications on 
diodes, rectifiers, variable capacitors. 
Types of twenty-seven major manu- 
facturers are listed. Electrical specs 
are arranged for immediate selec- 
tion of type to solve specific applica- 
tion or replacement problems. 


The Application of Elliptical 
Functions, by Alfred George Green- 
hill, Dover Publications, Inc., 180 
Varick St., New York 14, N. Y., 357 
pp, 8”, paperbound, $1.75. An un- 
abridged, unaltered republication of 
the work first published in 1892. 
Formulas are developed immediately 
out of definite physical or geometric 
problems. Each problem is carried 
through step by step in detail. 


Rocket Propellant Handbook, by 
Boris Kit and Douglas Evered, 
[cl1960] The Macmillan Company 
60 Fifth Ave., New York 11, N. Y., 
354 pp., 914”, clothbound, $12.50. 
An unclassified reference work de- 
scribing nearly a hundred chemicals 
for possible use as rocket propellants, 
including fuels, oxidizers, and mono- 
propellants. Covers physical and 
chemical properties, performance 
characteristics, etc. and Contains 
valuable tabulated data for each sub- 
stance. 


Basics of Induction Heating, by 
Chester A. Tudbury, in two volumes, 
{cl1960] John F. Rider Publishers, 
Inc., 116 W. 14th St., New York 11, 
N. Y., 140 plus 144 pp., 9”, soft cov- 
er, $3.90 each, Intended for students 
in high schools, technical institutes, 
and industrial training courses. Ex- 
plains what induction heating is and 
how it works. Uses “pictured text” 
approach. Has review questions at 
the end of each section. 


Oersted and the Discovery of 
Electromagnetism, by Bern Dib- 
ner, [cl1961] Burndy Library, Nor- 
walk, Conn., 48 pp., 1034”, paper- 
bound $2.00. Monograph on mile- 
stones in the history of science in the 
Burndy collection of some 16,000 
historic items describes Hans Chris- 
tian Oersted’s first experiment in 
1820 which ranks next to Volta’s 
original discovery of electric cur- 
rents and Faraday’s success in gen- 
erating them from magnetism as one 
of the three great firsts that form 
the foundation of the age of elec- 
tricity. 


Pace TR-10 Transistorized Ana- 
log Computer Operator’s Hand- 
book, Electronic Associates, Inc., 
Long Branch, N. J., 70 pp., 11”, pa- 
perbound $1.75. Manual covers vari- 
ous computing components and their 
functions, introduces the reader to 
basic programming procedures and 
illustrates application of analog com- 
= to a series of advanced prob- 
ems. 








GC Recording Charts 


are accurate 


booklet 

helps 

solve 

SPECIAL CHART 
problems 


If you have a unique recording or 
control problem which a stock chart 
won’t fit, GC’s experience will work 
for you. 

This free booklet, ‘‘Points to Spec- 
ify in Special Chart Design,”’ offers 
many useful tips to consider before 
specifying or designing a special 
chart. It suggests possible types of 
paper, sizing of punched holes, ink 
colors, overprinting, grid line widths, 
etc. 
GC service—and this booklet— 
can eliminate false starts and wasted 
time. Let us serve you. Just send 
this coupon. 


C 





RECORDING 
CHARTS 





r———- Use This Coupone——— 1 
I TECHNICAL SALES CORPORATION 
A subsidiary of 
I GRAPHIC CONTROLS CORP. 
| 189 Van Rensselaer St., Dept. IC 
| Buffalo 10, New York 
Please send me your new folder “Points 


to Specify in Special Chart Design.”” No 
charge or obligation, of course. 
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Take that first step accurately with 
HAGAN PROCESS TRANSDUCERS 


Whether you convert temperature, pressure or flow into a DC voltage, 
take this important initial step accurately. High accuracy transducers, 
using differential transformers (no slide wires), provide the critical 
“front end” for a process control system. Simple in design, and built 
to function in corrosive applications and hazardous locations, these in- 
struments are rugged and reliable as well as accurate. 

Here are typical Hagan PowrMag High Pressure Transducer (illus- 
trated above with protective cover removed) specifications: 
Input ranges—2 psig to 6000 psig Output—1-9v DC, 0-8v DC 
Linearity—+ 0.5% Dimensions—514” x 854” x 454” 
Temperature Coefficient—0.008%/°F Repeatability—0.2% 
Resolution—0.001% 


Transducers are part of the complete PowrMag line, which includes 
all the components for complete control systems. All solid-state elec- 
tronic, the system has been engineered to meet rigid specifications of 
performance, reliability and compatibility in original or replacement 
instrumentation applications. For more information, write or phone 
HaGan CHEmicats & ContROLs, Inc., Hagan Center, Pittsburgh 30, 
Pa. Telephone WAlnut 2-3737. 
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You can dispense with oil filters and dust filters when 
you install ®Nash® Clean Air Compressors. You can save 
the cost of maintaining these devices. You can greatly 
reduce instrument maintenance costs. For the Nash em- 
ploys no internal lubrication, therefore no troublesome 
oil is in the delivered air. Moreover, air from a Nash 
is thoroughly washed and cooled as it passes thru the 
pump. Dust in the plant atmosphere, even fly ash, is im- 
mediately removed. 

®Nash® Clean Air Compressors are simple, with only 
one moving element. No valves, gears, pistons, sliding 
vanes, or other enemies of long life and constant perform- 
ance complicate a Nash. No aftercoolers are needed. You 
will find it profitable to investigate these pumps, now. 


SUT TT TT TTT ITLL LALA UL LLU LUC 
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No oil filters. 
No dust filters. 


No internal lubrication to 
contaminate air handled. 


No internal wearing parts. 
No valves, pistons, or vanes. 
Non-pulsating pressure. 


Original performance constant 
over a Jong pump life. 


Low maintenance cost. 
HUNSUANAUUAOUNGNSNSASNUOUOONUANNSEEASAAOODUOOOGOOASSGAHNOOOUUIEOOSOSAOONNOOOOOUOT 


NAS ENGINEERING COMPANY 
370 WILSON, SO. NORWALK, CONN. 
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WORKING 
ON OUR 


second million 


OVER 1,000,000 


PANALARM 


ANNUNCIATORS 
are in process 
industry 
operations 


More Panalarm Annunciators are specified and used because of: 


Assured Reliability due to: 


e 100% Inspection for all components, both in production and final 
assembly. 


e Complete testing of each annunciator system before shipment. 
Assured Reliability due to: 
Ultrasonic cleaning. 


No in-service gassing—moisture and destructive volatile materials 
eliminated by high vacuum oven baking. 


Plug-ins are filled with inert gas and hermetically sealed under 
pressure. 


Extra safety margin for Class 1 Division 2 applications provided by 
electronic halogen leak detection. 


After millions of operations, max. continuous contact pressure and 
uniform gap spacing are assured by beryllium copper contact springs. 


e Hi temp cured TEFLON-covered coils. 


Panalarm maintains a large staff of annunciator engineering specialists 
to assist with special annunciator design and application problems. 
Sales and engineering offices are in all principal cities. 

Your inquiry will receive prompt attention. 


DIVISION OF INCORPORATED 


7401 N. Hamlin Avenue, Skokie, lll. - Phone ORchard 5-2500 
Annunciators + Control Panels - Data Systems 
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160,000,000 digit impressions without failure 


Rugged, Trouble-Free—Digit-Matics are specially 
built to stand the strain of continuous operation. In 
a durability test, over 160 million digit impressions 
were made without breakdown or need of adjust- 
ment. The machine tested operated continuously, 
eight hours per day until 160 million digit impres- 
sions were made. During this period only normal 
lubrication and cleaning were performed. 


Parallel or Serial Entry — Automatic and un- 
attended, solenoid-activated Digit-Matics print out 
alpha-numeric data from remote equipment. High 
speed parallel entry models accept up to 10 digits at 
a time, print up to 4 lines per second. Serial entry 
models accept 1 digit at a time, up to 11 per line. 


VICTOR 


ELECTRONICS DIVISION 
Victor Adding Machine Co., Chicago 18, Illinois 
Victor Adding Machine Co., (Canada) Ltd., Galt, Ont. 
Manufacturers of Digit-Matic Printers, Scanning Printers, 
Electrical Keyboards, and Digit-Matic Data Punches 


Two-Color Printing — Positive values in black, 
negative values in red. Ideal for “‘accept-reject’”’ se- 
quences, testing applications, accumulating data from 
two sources on one Digit-Matic, and many other uses. 
Adaptable to Your Specific Needs — Line in- 
cludes listers, accumulators and calculators. Versa- 
tile units can handle degrees, minutes, seconds, 
fractions. Other modifications: superimposed key- 
board for manual use, time readings, counters, etc. 
Immediate Field Service — 70 factory service 
branches and service representatives in over 600 
cities assure uninterrupted operation. Victor offers 
30-day delivery on most Digit-Matics. Mail coupon 
now for product data and application information. 


Victor Adding Machine Co. 

Chicago 18, Illinois 

Send full information on-Victor Digit-Matics. 
My application is. 

Name 

Company 

Address 

City 


am an ow aw aw ow ow a ewan 
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introducing the Foxboro 





electronic d/p cell" transmitter 














The Foxboro electronic d/p cell 
transmitter and this Foxboro 
pneumatic d/p cell transmitter 
use the identical cell body. Only 
the top transmitting mechanism 
has been changed. 


Yes, Foxboro has taken its famous pneumatic 
d/p Cell and added the benefits of electronic 
transmission. It’s the new Foxboro electronic 
d/p Cell transmitter. Look at the results: 
® both power and signal travel over the same 
pair of unshielded wires — no field power 
supply required 
pressure, flow, and level transmission up to 
several miles without lag 
true force-balance design for lowest dis- 
placement — highest overrange protection 
high level 10-50 ma d-c signal provides 
powerful rebalancing force 
adjustable ranges from 5” to 850” water 


with external zero adjustment — working 
pressures of 1500 and 6000 psi 


And, of course, you get the same positive 
overrange protection, the same high sustained 
accuracy, the same rugged construction that 
has always been standard with the Foxboro 
d/p cell transmitter. 

If you’re thinking “electronic,” it will pay 
you to investigate this important instrument 
in the Foxboro Electronic Consotrol* family. 
Get in touch with your Foxboro Field Engi- 
neer for complete details, or write for Bulletin 
21-10. The Foxboro Company, 464 Ne- 
ponset Avenue, Foxboro, Massachusetts. 

*Reg. U.S. Pat. Of. 





FOXBORO 
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THESE PARKER TUBE FITTINGS 
MEET YOUR EXACT NEEDS 





FOR INSTRUMENT AIR 


“INTRU-LOK®”’, the non-flare, ‘‘bite’’ fit- 
ting for copper, aluminum, Nylon or 
‘‘Parker-POL”’ (polyethylene) tubing, 
features a ‘‘captive’’ ferrule you can’t 
lose. It’s simple, compact, easy to in- 
stall, inexpensive. Available from stock 
in either brass or aluminum. Ask for 
catalog No. 4324. 


FOR HIGH PRESSURES 


“FERULOK®”, the heavy-duty flareless 
fitting with the visible bite ... you can 
see it, inspect it, make sure you have 
safe make-up. Usable with heavy-wall 
tubing for high pressure applications. 
Excellent vibration resistance. Made in 
steel, stainless steel, Monel. Ask for 
catalog No. 4320. 


COMPLETELY 
CORROSION RESISTANT 


“RIDG-LOK”, the all - stainless - steel 
(type 316) fitting for critical corrosion 
resistance applications. Unique ferrule 
design provides a safe, dependable, 
non-flare grip. Ferrule is ‘foolproof’, 
with identical ends so there is no pos- 
sibility of putting it in backwards. Ask 


for catalog No. 4322A. 


Instrumentation and processing call for specific 
fittings—not a “general” type 


It pays to be selective .. . to get the precise fitting for 
the job. Parker “Intru-lok®” is right for instrument air 
... small envelope, simple assembly, reasonable price. 
“Ferulok®” takes high pressures, assures safety from 
blowout. “Ridg-lok” is completely corrosion resistant. 

No single fitting is right for every job. Parker fittings 
give you what you pay for — and what you need. And 


there’s a Parker fitting for every specific application. 
For flared tubing, the Parker 37° “Triple-lok®” fitting 
is the leader. 

For complete specifications and engineering help, 
check your nearest Parker distributor through the Yel- 
low Pages, or write direct to: 


Parker FITTINGS AND HOSE 
ARKER DIVISION 
os 5 cand 17325 Euclid Avenue «+ Cleveland 12, Ohio 


PNeumatic ano HvyorauLic SYSTEM COMPONENTS 


EUROPEAN DIVISION « PARKER-HANNIFIN N.V. « SCHIPHOL+ THE NETHERLANDS 
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operator convenience makes 


the 


® 


recorder 


preferred for laboratory use 


The recti/riter recorder has become the accepted 
laboratory recorder—is preferred for the exacting tasks 
of laboratory applications. The portable recti/riter is 
the only galvanometric rectilinear recorder designed 
specifically as a bench-top instrument with all routine 
controls and adjustments located up front for extra 
convenience. The “writing desk” chart carriage permits 
operators to make the extensive notations usually associ- 
ated with laboratory use while the instrument is recording. 

Ruggedized die-cast construction results in an in- 
strument that can “take it”’—yet removal of the one- 
piece dust cover makes every working part completely 
accessible and removable without further disassembly. 
Every recti/riter carries a one-year full service warranty. 

There is a recti/riter to fit your particular require- 
ments—single and dual channel, portable and flush- 


O 


APPARATUS DIVISION 
PLANTS IN HOUSTON 


mounting models . each available in the widest 
selection of standard ranges in the industry. 


Two-Cycle Pen Response 
d-c Milliampere Ranges 
a-c Ampere Ranges 

d-c Ampere Range... 


¥Y2 ma to 100 ma 
0.25 amp to 25 amp 
.100 mv for use with 
standard shunts 
Expanded Scale a-c Voltage Ranges 
80-130 V, 160-260 V, 320-520 V 
a-c and d-c Voltage Ranges 10 V to 1000 V 
Frequency Ranges 50, 60, 400 cps 
Five-Cycle Pen Response 


d-c Milliampere Ranges .....25 ma to 125 ma 


Special options and accessories further expand 
the versatility of recti/riter recorders. Write now for 
complete information on this accepted laboratory 
recorder line. 


TEXAS INSTRUMENTS 


INCORPORATED 


3609 BUFFALO SPEEDWAY 


AND DALLAS, TEXAS 


P. O. BOX 6027 HOUSTON 6, TEXAS 
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PORTABLE 
PROTECTION 


FOR Preciaion EQUIPMENT 


Skydyne Molded Fiberglass hand-portable transit cases, 

with precision engineered interior cushioning and mounting 
hardware, provide maximum protection for 

delicate instruments and equipment 


HIGH RESISTANCE TO IMPACT, CHEMICALS 
MOISTURE, CORROSION AND WEATHER 


HARD, MAR-RESISTANT, EASY-TO-CLEAN 
SURFACE 


MOLDED-IN COLORS. NO ADDITIONAL 
FINISHING REQUIRED 4 


LIGHT WEIGHT — GREATER STRENGTH, 
POUND FOR POUND, THAN OTHER MATERIALS 





IN-PLANT HANDLING CAUSES NO DENTING 
OR DISTORTION 





Available in 22 standard sizes, to meet MIL-T-945A and 
MIL-STD-108C specifications. Modifications provide a wide 
range of sizes for custom requirements 





kydyne, Juc. 


RIVER ROAD PORT JERVIS. NEW YORK 
SKYDYNE FIBERGLASS TRANSIT CASES — STANDARD CASES FOR CUSTOM EQUIPMENT. 
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@ ELIMINATE 
DELAYS! 


@ KEEP YOUR 
OPERATING COSTS 
WHERE THEY 
SHOULD BE! 





40-POUND BENCH MODEL 106 


Here is @ speedy, economical 2 or 3-dimen 

sional engraver used by thousands of dollar-con- 

scious companies. It features 5 positive, accurate 

pantographic ratios; ball bearing spindle with 3 speeds 

up to 14,000rpm. ts supplied with one copy carrier that You Make 

accepts all standard master type sizes. Will actually work up Your Own 

to 10” by any width. Height of pantograph and Engraved 

position of cutter are continuously adjustable Nameplates! 








MODEL D-2 HEAVY-DUTY 2-DIMENSIONAL 
Pantograph for milling, drilling and engraving. 


Vertical adjustment of copy table automatic with 
Pantograph. Features: unobstructed on 3 sides to take 
large work; micrometer adjustment for depth of cut; 
ball bearing construction throughout; spindle speeds up 
to 26,000 rpm for engraving or machining; vertical 
range over 10”; ratios 2 to 1 to infinity — 

master copy area 26” x 10” 








NEW for use with Model 02 Pantograph Engraver 
to rapidly drill holes in printed circuits by trac- 

ing templates. Drills as many as 100 holes per 

MODEL 02-201 minute. Equipped with foot switch; spindle 
air cylinder; regulating valve and pressure 

PHEUMATIC mie filter and oiler. t's ready to use as 

ATTACHMENT soon as it’s attached to an air compressor 


GREEN INSTRUMENT COMPANY, INC. 
on 67 Phe Vassar St 


Cambridge 39, Mass. Tel. Eliot 4-2989 


NEW 


ELECTRIC fm 


CATALOG 


Describes transis- 
torized and conven- 
tional photoelectric 
controls — normal, 
high speed, ultra 
sensitive and im- 
pulse actuated con- 
trols — photoelectric 
timing controls — 
complete line _ of 
light sources — in- 
cluding many pro- 
tective features. 


Simplified application diagrams cover 
widely sot § requirements such as 
automatic control of conveyors; inspec- 
tion, —— die protection, counting, 
weighing, imit control, car washing 
control, piling to exact count, safety 
control, conveyor traffic and jam-up 
control, timing control, spraying auto- 
mation, automatic ramp traffic control. 


AUTOTRON, INC. 
Box 7229 Danville, tl. 
Representatives in principal cities 
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A Superior 
Detector for 
Infra-Red 


Spectroscopy 


GOLAY PNEUMATIC DETECTOR* 


Among the characteristics that render 
the Golay Detector superior to other 
types of detectors for use in infra-red 
spectroscopy are: 

1. An effective sensitive area 3/32” in 
diameter. 

2. Sensitivity of 6 x 10-" watts RMS- 
ENI when used with “chopped 
beam” method and with recording 
time constant of 1.6 second. 


*Fundamental and experimental aspects of this detector 
are discussed in the following publications: Rev. Sci. 
Inst. 18, 347 and 357 ('47); ibid. 20, 816 ('49); Proc. 
IRE 40, 1161 (’52). 

278-8 


3. Uniform sensitivity from the ultra- 
violet through the visible and the 
entire infra-red, and up to the 
microwave region. 

. Improved, drift-free. A. C. operated 
amplifier with step gain controls and 
four response periods. 


Write for 
EPLAB Bulletin 


No. 10 


THE EPPLEY LABORATORY, INC. | 


SCIENTIFIC INSTRUMENTS 
2 Sheffield Ave. * Newport * Rhode Island 


* USA. 
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Altitude, heat. cold, explosion, vacuum ... whatever 
environment you need, there is an extensively- 
tested Tenney prototype already built that is very 
near your specifications. By adjusting the proto- 
type to fit your particular requirements, we can 
make delivery in a surprisingly short time. In 
operation, your Tenney chamber will reach ideal 
environmental conditions quickly, maintain them 
efficiently throughout the test run, and pro- 


You name the environment 
»»» TENNEY will simulate it! 


vide accurate data for quick, simple evaluation. 


Tenney, pioneer in the science of environmental 
testing, is today the world’s largest, most experi- 
enced creator of environmental testing equipment. 
Write today for literature describing Tenney’s com- 
plete line of prototype chambers, or for informa- 
tion on Tenney’s research and development, 
engineering consultation, and design services. 





ENGINEERING, INC. 
1090 SPRINGFIELD ROAD, UNION, N. J. 


PLANTS: UNION, N. J. & WILMINGTON, NO. CAROLINA e There 
is a Tenney Chamber to simulate altitude, heat, cold, humidity, vacuum, 
explosion, sand, dust, fog, and most other environmental conditions. 
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YOU CAN OWN THIS VALUABLE AUTHORITY ON 
PERMANENT MAGNETS FOR ONLY $10. You’ll find 
the answers to almost all of your questions about per- 
manent magnets in this authoritative Crucible hand- 
book — because its 346 pages cover everything from 
selecting magnet alloys for TV systems to interpreting 
molecular fields. 

Just look at the chapter headings: Permanent Magnet 
Design * Permanent Magnet Measurements * Theory 
of Ferromagnetism « Electromagnetism * Permanent 
Magnet Steels * Cast Alnico * Permanent Magnet 
Alloys « Standard and Stock Magnets « Ferrimag + 
Magnetization and Demagnetization. 

For your copy, send check or money order for $10* 
to Crucible Steel Company of America, Four Gateway 
Center, P.O. Box 88, Pittsburgh 30, Pa 


*Add 40¢ for state sales tax if you are located in Pennsylvania. 


CRUCIBLE | STEEL COMPANY OF AMERICA 
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A. D. JONES OPTICAL WORKS 


2400 MASSACHUSETTS AVENUE 
CAMBRIDGE 40 MASSACHUSETTS 


TRowbridge 6-3368—3369 


A LIST OF MATERIALS WE FABRICATE 
USED IN OPTICS AND ELECTRONICS 


SAWING GRINDING POLISHING DRILLING 


ALUM INDIUM ANTIMONITE 
ALUMINA INDIUM PHOSPHIDE 


ALUMINUM INDOX 
ANTHRACENE IRON SINGLE CRYSTAL 
ARSENIC TRISULPHIDE Litt 1UM 
BARIUM TITANATE GNETIC PLUMBITE 
BISMUTH MELAMINE FIBER GLASS 
BRASS MICA, SYNTHETIC 
CARBORUNDUM NICKEL OXIDE 
CERAMIC NUM 
COBALT FERRITE POTASSIUM BROMIDE 
OPPER SPYREX 
SQUARTZ, CRYSTAL 
NG 705 UA RZ FU SED 
COPROUS BROMIDE ooo PPHIRE 
FERRIT **SODIUM CHLORIDE 
FERROX **STEEL 
**FLUORIDE, CALC! STRONTIUM TITANATE 
TEFLO 
TITANIUM DIOXIDE 
*VYCOR 


**FLUORIDE, CTHTUM, 

GALLIUM ANTIMONIDE 
GALLIUM ARSENIDE 
GARNET *X-RAY LEAD GLASS 
GERMANIUM ALL TYPES KNOWN GLASS 
GOLD 


* Carried in stock 
** Purchased for orders 
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and in the XBF 


watts to 6000 watts. 


States. O.E.M. prices on request. 





MANMADE SOLAR RADIATION... 


If your need is to duplicate the nome lage of solar radiation... 


These Xenon lamps are available in XBO 


you should investigate Xenon gaseous discharge lamps by Osram. 


point source design 


diffuse design in wattages ranging from 150 


For spectral energy distribution data, prices, recommended wiring diagrams, 
or information on power supplies, please address inquiries to Macbeth Sales 
Corporation, sales representative for Osram Xenon lamps in the United 


P.O. Box 950, MACBETH SALES CORPORATION Newburgh, N. Y. 
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654 MILLION HOURS ON-STREAM; NO TIME OFF FOR MISBEHAVIOR 


There’s good reason for this successful record: 
Swartwout people are thoroughly oriented to elec- 
tronic control. They know its advantages. They 


Ten years ago, the first Autronic® loop went 
on-stream. It has since been joined by more than 
20,000 others. These loops have rolled up 654 mil- 
lion service-hours, measuring, indicating, record- 
ing, and controlling every conceivable process 
variable: 

In all that time, very few have required 
more than token service—the change of a cir- 
cuit card, a screwdriver calibration adjustment, 
that’s all. 


know its pitfalls, too . . and how to avoid them. 
If you are considering making your next 
control loops electronic (and most people are), 
Swartwout’s unique experience, backed by the 
most complete selection of equipment in the 
industry, can assure on-stream success. 
More information? Send for Bulletin A-913. 


SWARTWOUT DIVISION, CRANE co. 


SWARTWOUT 


HOOKSETT INDUSTRIAL PARK »« MANCHESTER, NEW HAMPSHIRE 


SWARTWOUT... World Leader in Electronic Process Control 
moving. fast with @ crane D 
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BENDIX BOUGHT THIS 


TORQUOMETER 


When The Bendix Corporation needed 
torquometers capable of sensing torque on 
eight production test stands for hot-fluid 
hydraulic pumps, they chose the 

B & F Model CB3. 


Here’s why— 
e High Output... ‘‘gage factor’ of 50 
e Torquometer alone supports the load 


e No adapters . . . Pad Type Couplings 
(to AND specs.), for ease in changing pumps 


e Continuous operation at 350°F 


This torquometer can measure up to 10,000 
in. Ib. of torque, at continuous speeds 

up to 10,000 rpm. We also produce other 
Torquometers capable of measuring torques 
from 0-1 in. Ib. to 30,000 in. Ib. full 

scale, at speeds in excess of 20,000 rpm. 


_— 


3644 N. Lawrence Street 
Philadelphia 40, Pa. 
GArfield 5-4175 


Torque ivieter systems, Accelerometers and other equipment for data acquisition 
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MODEL 9B PYROTEST 


The Most Versatile 
Portable Potentiometer Made 


@ Checks any 
thermocouple-actuated 
instrument 

@ Guaranteed accuracy— 
% of 1%. 

@ 9 interchangeable, 
direct-reading scales 


Pyrotest is the only portable potentiometer that can check any 
thermocouple-actuated indicator, controller, or recorder. It comes 
with 6 thermocouple scales and 3 MV scales—as easy to change 
as phonograph records. Scale length of over 4 feet, with high 
resolution to match. Pyrotest is so accurate, it’s used as a standard 
in the lab . . . so versatile and rugged, it’s used as an all-purpose 
tool everywhere in the plant. Only $315.00, fob Indianapolis. 
Write for free Bulletin 9-B. 
TECHNIQUE 
ASSOCIATES 
A Division of Duncan Electric Co., Inc. 
1413 CORNELL + INDIANAPOLIS 2, INDIANA 
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ROTARY 
SWITCH 


meets MIL specification MIL-S-21604 
and BuShipsDrawing Number 
9000-S6202-744 z 





TYPE 


Maximum of 
eight contact positions 
and up to ten sections, 

controlled by a 
single knob. 
Type JL rotary switch 
provides unlimited rotation 
in both directions. Move- 
ment can be limited to any 
number of eight positions 
by two stop screws. 
Designed for single-hole 
panel mounting. 
Electrical Rating: 
5 amperes, 125 volts a-c. 


Write for Bulletin No. 10 


ESCO o. WEYMOUTH 
ELECTRO SWITCH CORPORATION 


167 King Avenue h 88, Massact 


CIRCLE 58 ON READER-SERVICE CARD 





You get them all — wide ranging versatility . . . maximum 
sensitivity .. . easy installation and servicing! These features 
combine in a Fenwal 536-580 multi-point moi itoring system 
to give you precise, transistorized temperature control and 
indication. And you choose the features you need to suit your 
own requirements! 


Examine these cost saving advantages: Indication and con- 

trol circuits are separate . . . the 536-580 system eliminates the 

i vb - need for separate indication and control at each point. You 

S ] M It P t can build a control system concurrent with your needs — 
O ve u 1- oln start with 2 points and build up to 10 points without paying 

a premium at the outset. The complete control system is built 

from standard catalog parts, thereby eliminating the need to 


Temperature Control buy costly “specials” for servicing at a later date. 


Individual points can have either proportioning or ON/OFF 
control modes. The system permits “flick of switch”’ indica- 
Proble ] } iS i tion of from 2 to 10 temperatures. Individual set points can be 
adjusted from a central control panel or through a separate 
potentiometer remotely located. You select your own number 
of points and you pay only for the options you use. 


2 
at “13 cost of Choose from five standard temperature ranges — from 
‘i —50 to 600°F . . . expanded scales permit fine temperature 
competitive SYS tems adjustments and improved readability, and the entire system 
gives you sensitivity to within 0.1°F. 

Both instruments are smartly styled to perfectly comple- 
ment modern industrial machines and interiors. A Fenwal 
engineer will be glad to supply information on this system, or 
any other temperature control in Fenwal’s broad line. Write 
Fenwal Incorporated, 364 Pleasant Street, Ashland, Mass, 


Another 


example ot how CONTROLS TEMPERATURE... PRECISELY 
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WHERE HEAT CONTROL | NEW NEW NEW NEW NEW NEW NEW NEW NEW 
IS CRITICAL when it 


Tit] wees 


by i A D IAT 0 N _ you know the temperature! 
wm PYROMETER MM nye oMeckad 


MONITORS, CONTROLS PRECISELY @d/J¢ulU/7 4s 


Instantaneous, accurate temperature readings on TEMPERATURE 


even inaccessible, moving or fragile objects are 
now possible with non-contacting PYROTEL INDICATORS 


radiation pyrometer. 
Operable, precise and dependable at distances ' 
from 1 inch to 100 feet or more, PYROTEL offers | The easy modern way to determine exact working temperatures! 
perfect control in heating processes. PYROTEL pene ¥ cdhcc sien adiak aaah 
j indi j j ust mar or s 
oe recording output and THERMOMELLT ... when it reaches the desired e 
y negite _ temperature, the mark liquefies. There’s no guess- 


Models for all temperature ranges from 140°F work, no wasted time or material... | With Handy 
THERMOMELT is the quick, precise way to Adjustable 


up have proven extremely dependable and profit- , - 
pe in a unusually ide cariate of seplications. a a Papen temperatures. Accurate to Holder 
These include extrusion, hot forming, web drying, | eee 
forging, heat treating, melting, hardening and A Stik For Every Temperature from | ALSO AVAILABLE IN LIQUIDS 
other processes. 113° F. to 2000° F. AND PELLETS for a 
j . 4 ‘ or hard-to-measure applications. 
eo +4 — Write for complete information. SEND TODAY for free THERMOMELT 1 Wide range of temperatures. 


| 

| 

| literature and pellet sample (indicate ! 44,4, by the Manufacturers of Markal Paintstik 
MASON INSTRUMENT COMPANY, INC. | 





Wi A R KAL CO. 3080 West Carroll Avenue « Chicago 12, Iilinois 
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temperature desired). Markers and Protective Coatings. 
222 Valley Place, Mamaroneck, N. Y. 





THE ORIFICE PLATE 
primary element in flow metering, 
stands on its ability to provide an 


accurate, reproducible signal. This 


| 
| 
1 
| 
| 
: 


signal is paramount in differential 
measurement. Such a signal can be 
achieved only with orifice plates of 


quality stainless steels, stretcher- 
leveled for flatness, precision bored 
to a knife-edge by expert craftsmen. 
Your orifice meter deserves to get 
the best possible signal. We stand 
on our reputation to provide the 
best possible orifice plates. 


DANIEL 


F [ ORIFICE 
Sani. FITTING 
rie COMPANY 


Orifice Plates—Daniel Catalog Section “G” 


® 9720 Katy Road 
HOUSTON 24, TEXAS 

® 3352 Union Pacific Ave. 
LOS ANGELES 23, CALIF. 


® ODESSA 

® DALLAS 

® CORPUS CHRISTI 
TULSA 
NEW ORLEANS 
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CRESCENT NYLON MULTITUBE 
Installed at Frankford (Phila.) Plant of 
ALLIED CHEMICAL CORPORATION 








Engineers and Installers 
CATALYTIC CONSTRUCTION CO. 
Philadelphia, Pa. 


Eight miles of CRESCENT NYLON Tubing made from Allied Chemical Corporation's PLASKON® 
NYLON, in the form of MULTITUBE, is installed in this large chemical plant for purposes of instrument 
control. 

Each MULTITUBE cable shown in this picture contains 14 nylon tubes spirally cabled together, which 
permits maximum bending without distortion of the tubes. The assembly is protected by a Mylar® 
tape, as well as a weather, corrosion and flame resistant PVC thermoplastic sheath. 

Nylon Tubing offers excellent resistance to environmental deterioration, impact and abrasion coupled 
with unusually high fatigue resistance over a broad temperature range. It is less expensive than cop- 
per tubing, and is particularly easy to install. Individually numbered tubes, with numbers clearly visible 
every 2 inches, make it easy to identify tubes at either end. 

CRESCENT makes many types of MULTITUBE, using copper, aluminum, steel, polyethylene or nylon 
tubes, with a great variety of protective sheaths, including interlocked metal armor. 


Send for NEW Bulletin No. 960-A with 
complete engineering data, diagrams, etc. 


CRESCENT INSULATED WIRE & CABLE CO. 


Trenton 5, New Jersey 
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Judging by 
the Company 
We Keep... 


THE COMPANY WE KEEP— 
also includes many municipalities. 


To meet the pressing need for more 
efficient community facilities, Electro- 
Mech Corporation has been called up- 
yn repeatedly as an authority, special- 
izing in the field of design and man- 
ufacture of control systems for Water 
Treatment, Sewage Treatment and 
Incineration . . . vital aspects in the 
health and welfare of our expanding 
American towns and cities. 


If you are looking for Control Sys- 
tems engineering, design assistance, 
or contro] center manufacturing fa- 
cilities, we invite you to join the 
“Company We Keep” Contact 
ELECTRO-MECH. 


Electro-Mech Corp., Norwood, N. J. 
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PANHANDLE 





PETE 


9:00 AM. (okay, so | didn't get 
in the office until 10:20—was it my 
fault my car wouldn't start?) Be- 
fore | line up my calls for the day 
I'll look at this copy of INSTRU- 
MENTS magazine and find out what's 
happening in the field of symbolic 
logic. Just love that symbolic logic. 
Wonder what symbolic means? 


12:00 Noon: No use going out 
now. It's lunch time. The orifice in 
this little toy could make a fine pneu- 
matic amplifier if we hooked a posi- 
tion-sensitive flapper-nozzle unit with 
a bellows relay between the nose 
and the base. Then a little bottle of 
gas would make it jump all over the 
place. Think I'll try it out. 


4:00 PM. I'm tired of getting 
pushed around this lousy organiza- 
tion. Systems engineers don't grow 
on trees. | want a raise. Where's 
the boss? 
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The Instrument 
Salesman— 


11:30 AM. There sure was some 
good articles in that issue. Especially 
those with all that math. Wish | knew 
Greek or French—then I'd know what 
them deltas and Loplaces mean. Be- 
fore | line up my calls for the day, 
I'll have just one for the road. This 
instrument racket is tough on the 
nerves even if | am a systems engi- 
neer now instead of an instrument 
peddler. 


2:00 PM. Well it jumped this far 
as soon as | hooked up the air, but 
the flapper stuck and the bugger 
blew up. That was fun. It's a little 
late for going on the road today. 
Guess I'll have just one more. 


Panhandle Pete 


















































SPECIFICATIONS 8D-100 SERIES 
Storage Capacity Nominal Bits 
Bits Per Track 
Bit Rate — kc 
Track Layout As Required 
otal Tracks: 
Data Storage Tracks 
. Spare Track 
Clock and Timing Track 
Register Track 
Number of Registers 
Register Length — Bits 
Register Adjustment — Bits 


Disk Speed — RPM 
Induction or Synchronous Motors Available 


Power Source — cps 
wpneat Gente teens me 
inductance (Per Leg. — C. T. Coil) — uh 
Write Current (0/P Manchester) — ma 
Read Out (Min. P/P Full Coil) — mv 
Size — Inches (Less Electronics) 
| Weight — pounds 


iil 


litttiitiiit 


...LFE Bernoulli Disks Deliver 
More Reliability Per Pound! 


No other rotating storage device can match the LFE 
Bernoulli-Disk Memories for small size, light weight, low 
cost and high resistance to shock, vibration and temperature 
changes. 

Simplicity is the key! A flexible magnetic disk, headplate 
and precision motor are the basic components. Positive sep- 
aration between disk and headplate is maintained by cen- 
trifugal force and Bernoulli principles of fluid motion. The 
unit’s low mass plus a cushion of air make damage to disk or 
read/write heads virtually impossible under even the most 
severe environmental conditions. 


Available in standard customized models for bench or 
rack mounting, the BD-100 Series (illustrated) is compat- 
ible with all fixed station or mobile digital computers utilizing 
magnetic storage media. For complete information, please 
write Sales Manager, Data Storage Operations. 


KBE | wABorATORY FOR ELECTRONICS, INC. 


COMPUTER PRODUCTS 
DIVISION 


1079 COMMONWEALTH AVE. * BOSTON 15, MASSACHUSETTS 
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Dual Switch 
PRESSURE-VACUUM 
CONTROLS 


UNITED ELECTRIC’s Types J17A and H27A Pressure- 
Vacuum Controls are similar units that have been 
designed for applications where it is desirable to 
control two separate circuits at different pressures 
by means of a single control unit. The major dif- 
ference between the J17A and H27A is that the 
Ji7A contains an uncalibrated adjustment while the 
H27A has a calibrated dial and single turn adjustment 
knob and pointer for making pressure settings. 








Various ranges between 30”°Hg vac 
and 180 psi limits. H27A is cali- 
brated. 


Factory pre-set for values of 1” Hg to 
1 psi, dependent upon model. 
Factory pre-set for values of 3” Hg to 
4 psi, dependent upon model. 


Up to 15 amps. at 115 or 230 volts 
A.C. 20 amp. A.C. or D.C. switches 
also available. 


N.O., N.C., or Double Throw — no 
neutral position. 

















Maximum Pressure ... | Up to 180 psi. 


Electrical Connections . . | Lead wires attached to internally 
located terminal blocks via a 7%’ 


opening. 


Pressure Connections .. | Viaa 14" female NPT on the bellows 
housing. 











Die cast aluminum with a black 
wrinkle finish and a brass bellows 
housing. 





J17A — Via pressure connection. 
H27A — Via pressure connection or 
holes in two dog ears. 








UNITED ELECTRIC manufactures a complete line of 
temperature, pressure, and vacuum controls. For 
special applications, standard units may be modified, 
or custom-built units can be provided. For addi- 
tional data on standard pressure-vacuum controls, 
including Types J17A and H27A, request Section 
300 of our new catalog. 


q 
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NEW VARIABLE SPEED CATALOG 


Here’s all you have to know about fhp variable 
speed. Explains the Zero-Max principle with pic- 
tures and diagrams of uses. Describes over 30 
basic models and types of Zero-Max drives which 
deliver 0 to 1200 rpm and up to 450 in. Ibs. torque. 


> WRITE FOR YOUR FREE COPY TODAY! 
Th ZERO-MAX company 


2885 Harriet Ave. S., Minneapolis 8, Minn. « TAylor 7-5521 
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for AIRCRAFT + ELECTRICAL 
MECHANICAL and 
MARINE 
INSTRUMENTS 


Sapphires set in brass, or 
other metal assemblies made 
in any quantity to close 
tolerance specifications are 
produced by Moser Jewel 
Company—manufacturers of 
industrial jewels for over 

50 years. 

Moser also provides 
highly polished pivots, staffs 
—-silicon and spring loaded 
assemblies for high shock 
resistance. 

SEND SPECIFICATIONS — DETAILED 





United Electric Controls 


e 0. M P BON LY 


INFORMATION READILY GIVEN. 


MOSER JEWEL COMPANY 
P.O. Box 150 © Perth Amboy, N. J. 


“Manafecturers of all typer of Industrial Jewels” 
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NOW 


THE FAMOUS 

“NO MAINTENANCE” 
PRESSURE REDUCING VALVE 
WITH NEW STEEL BODY 


The Leslie GP-type pressure reducing valves are 
recognized as the simplest, most rugged, most main- 
tenance-free ever made. Sold under Leslie’s famous 
3-year no-maintenance guarantee, they have so far 
been available with cast iron or cast bronze bodies only. 

To satisfy the heavy demand for GP performance 
and construction features in 150, 300 and 600 Ib. 
steel-body valves, here is the new Class GPS valve in 
carbon steel and alloy steels for steam, air, gas and 
other vapors. 

The design still uses only two moving parts—a 
Spiroflex diaphragm and the main valve. These are 
virtually indestructible. There is nothing to wear out. 

The low-stress diaphragm is the patented Leslie- 
Spiroflex®, which flexes like rubber but resists tem- 
perature as only a metal diaphragm can. Look at 
the cage trim construction—proved in Leslie-Lifetime 
control valves. Hardened stainless steel main valves 
seat on easily renewable, “permanent” type, stellited 
seat inserts. An unbeatable combination for long, 
trouble-free life. 

The man to show you how much money this design 
will save you is your nearest Leslie Engineer. He is 
listed in the Yellow Pages under “Valves” or “Regu- 
lators.” You will also want to send for our Product 
Data Sheet No. 611. 


SPECIFICATIONS—Reducing Valve, GPS Classes 

Sizes: 42” to 2” screwed or welding ends, or 150 Ib., 300 Ib. and 
600 Ib. flanges in carbon steel and alloy steels. Inquire about 24 
to 4” sizes soon to be available. 


Diaphragm: Leslie-Spiroflex®, Stainless Steel. 

Main Valve: Type 440C Stainless Steel, hardened. 

Seat Ring: Stainless Steel, Stellited. 

Stem Guides: Gun Metal Bronze (top and bottom guided). 
Main Valve Spring: Inconel. 

inlet Pressure Range: 600 psi, 600°F. 

Reduced Pressure Range: 0-300 psig. 

Minimum Pressure Drop across Valve: 1 psi. 


Leslie Co., 704 Grant Ave., Lyndhurst, New Jersey 


AIR-LOADED WITH 
SIMPLE AIR LOADER ACCURATE 
f available with eit RESPONSE 


EXCLUSIVE SPIROFLEX 
DIAPHRAGM trav 


: = ACCURATE 
UNBEATABLE CAGE © jaummummaage Pem %sOREGULATION 


TRIM CONSTRUCTION 


REGULATORS AND CONTROLLERS 


Y SINCE 1900 


) 


LESLIE 
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Transducer Performance 


SPan came STQawn 
Ace 


, 
7 
OMPRESSION 
ta 


vemsion as! 


FOR SIMULATING PHYSICAL INPUT 
ENABLING SPAN CALIBRATION 


<-IERO OR SUPPRESSED 
RANGE ADJUSTMENT 


Schematic of Calibration Technique 


Transducer performance has been defined in various 
ways; however, certain parameter definitions have 
evolved into more or less standard terms. For ade- 
quate performance analysis, these callouts should be a 
part of equipment specifications: Resolution, Non- 
linearity, Hysteresis, Thermal Zero Shift, Thermal 
Coeflicient of Sensitivity, Long Term Zero Shift, Res- 
onant Frequency, Acceleration Response . . . (From 
24-page brochure, “Transducers for Industrial Instru- 
mentation,’ Statham Instruments, Inc., 12401 W. 
Olympic Blvd., Los Angeles 64, Calif.) 
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3” Circular Chart Recorder 
The Model 400 OMNICORDER is a circular chart 


recorder so small that it can be mounted in the same 
space as a conventional meter. Housed in a molded 








plastic case only 334” x 334” x 3” deep, it can be 
mounted on 4” centers so that 9 recorders can be 
mounted in a panel area of only one square foot. 

This rugged instrument will record electrical volt- 
age, current, or power, or any variable which can be 
converted to an equivalent electrical signal. No pen, 
ink or ribbon is required, the graph being printed by 
means of a stylus on a pressure sensitive paper. The 
3” chart is remarkably legible and standard charts 
measure a wide range of variables . . . (From 8-page 
Bulletin 3057, Thomas A. Edison Industries, Instru- 
ment Div., Lakeside Ave., West Orange, N. J.) 
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with effective 5 ft. sCale 
w/4 


NEW the oni terh 











and .025% Accuracy = 


esecsecereasind 


SELECTIVE EXPANSION PRECISION METERS 


Read direct, then expand! No guesswork, no hunting for scales, no missed read- 
ings! Take your sample quickly, then expand the 10-divisions you want to a full 
length 100-division scale. Read the 3rd significant figure exactly . . . estimate the 
4th figure! Single and multi-range combinations are available in one compact meter 
. . . for panel or portable use. In addition it includes all of the 

well-known Greibach features: no-friction Bifilar movement and 

weightless light beam pointer, with inherent durability, rugged- 

ness and extraordinary overload capacity. For full details on 
"Selective-Expansion" and other Greibach precision meters, write, 

wire, phone today for our complete 20-page Catalog. 


GREIBACH INSTRUMENTS CORPORATION 


331 North Avenue, New Rochelle, N. Y. Phone: NEw Rochelle 3-7900 
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Liquid Level Controls PACKAGED” PROTECTION 
B/W electronic floatless liquid level controls have | 
been designed to provide a new high standard of ver- FOR YOUR CONTROLS 


satility and reliability in measuring and regulating a 


wide variety of high and low resistance liquids . . . 
INVERSE OPERATION 

















High Level Alarm 





Type 50-201 is designed primarily for use with liquids 

of medium and high specific resistance—up to 5.5 

megohms on direct operation installations and 12.5 

megohms where inverse operation is desired . . . Type . 

50-101 is particularly well suited to applications where | * Frame: 24” deep, 24” wide, 

very low electrode potentials and currents are desired | 63%”, 70%” or 84%” high 

to eliminate shock and sparking hazards as well as con- | Front panel space: 56”, 63”, 70” or 77” high 
tamination of liquids due to electrolysis . . . Positive | 

fail-safe control may be obtained by wiring to the 


terminals for direct or inverse operation ... In di- | New Honeywell 


rect operation, the relay is energized when the elec- 
trode is contacted by the liquid and electrode current | Modu-Mount™ Cabinets 


is flowing. In inverse operation (shown) the relay is 


energized when the level of liquid drops below the 
electrode and electrode current ceases to flow .. . luabl plage o diees 
F 4. Bull “ 334 B/W Contr ller C = Valuable precision instruments an evices. New 
(From 4-page CAR OWN, 2; . 4 OTp-, | Honeywell Modu-Mount Cabinets are designed by 
2200 E. Maple Rd., Birmingham, Mich.) experts to provide the ultimate in appearance, con- 


Now you can get standard enclosures to protect your 


venience and economy. Best of all, you can order them 
to fit your specific enclosure requirements. 


Ve rtical Gate Type The rugged steel frame can be left open or enclosed 
: by panels and doors. You can specify such features as 
Volumetric Feeder anti-tilt mobile base, wiring trough, lift-bars and eye- 
bolts, or floor levellers, vibration mounting and cooling 
louvers. And up to five Modu-Mount Cabinets can be 
supplied with a common base and wiring trough. 
Modu-Mount Cabinets come in standard green, grey 
or brown baked enamel. Other colors are available at 
your request. For details, call your nearby Honeywell 
office. Or write Honeywell, Dept. IC-4-55, Minne- 


apolis 8, Minnesota. Sales and service offices in all principal 
cities of the world. 


FOR THIS LITERATURE CIRCLE 193 ON READER-SERVICE CARD 




















4 : ; 5 HONEYWELL CUSTOM ENCLOSURES 

The material being fed enters the feed section (1) 
from an overhead hopper or chute, falls on the endless 
feed belt (2) and then passes beneath the vertical gate build any cubicle, panel, console or 
(3). The position of the vertical gate determines the peame dissects tens ain 
" 3 h L the Bead B fications. Special attention is given to 
volume of material passing throug t - ee. SY | these orders, and the finished product 
raising or lowering the gate, volume is increased or meets the most stringent requirements. 
decreased. The gate is positioned by a manually con- 
trolled feed rate adjustment (4) (simple dial with a 
knob and pointer). The dial is graduated in per cent 


indicating feed-gate opening . . . (From 4-page Catalog H wi 
320.200, Wallace & Tiernan Inc., 25 Main St., Belle- | oney ell 
ville 9, N. J.) |H| Fit we Coitiol 


Honeywell will design and custom- 
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AD-1-64PB 


SIMULATE 
PHYSICAL 
SYSTEMS 


IN REAL TIME 


AD-1 Series analog computers are available 
with from 4 to 64 amplifiers for solution of vari- 
ous types of linear and non-linear equations. 

The AD-1-64PB features a removable. prepro- 
grammed patchboard with up to 64 stabilized 
omplifiers, 80 coefficient potentiometers, 16 multi- 
pliers, 8 function generators, and 20 diode net- 
works. 

The AD-1-32 and AD-1-16 feature a fixed 
patchboard system with up to 32 and 16 ampli- 
fier capacity and non-linear equipment for moxi- 
mum economy. 

Modular design permits flexible arrangements 
to suit various operating requirements. : 


y‘ Applied Dynamics, Inc. 


ANN ARBOR, MICHIGAN [| 
Specialists in industrial and Process Instrumentation and Controls 
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High Density Recording 
System for Digital Computers 


The new Potter High Density Recording System can 
record magnetically on a one-inch reel of tape ap- 
proximately 11 times the amount of digital data that 
can be recorded by the most widely used conventional 
computer tape systems . . . Despite data transfer rates 





eee 


bewne 


as high as 360,000 alpha-numeric characters per sec- 
ond, via 16 parallel recording channels on one-inch 
tape, and at packing densities up to 1500 bits per inch, 
the Potter High Density Recording System actually 
provides higher reliability than is expected of stand- 
ard recording methods . . . In a recent test of 40 hours 
continuous operation, less than two seconds of re-read 
time were required to recover data lost through tran- 
sient error .. . More than 20,000 passes over any por- 
tion of the tape can be made without losing informa- 
tion, or significantly increasing dropout rate . . . 

First application of the Potter High Density Record- 
ing System is incorporated in high speed tape trans- 
ports for use with a Bendix Corporation G-20 Com- 
puter System (shown) destined for installation at 
Carnegie Institute of Technology, Pittsburgh, Pa. The 
Bendix G-20 Computer will serve there as the core of 
a Doctoral Program curriculum in “Systems and 
Communication Sciences,” concerned with theories of 
programming, simulation of human cognitive proc- 
esses, artificial intelligence, adaptive control, the sci- 
ence of administration, and the application of these 
techniques to management sciences . . . (From IRE 
Press Kit, Potter Instrument Co., Inc., Plainview, L. I., 
N. Y.) 
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Precision Air Regulation 


Slide rule incorporated in a new 24-page catalog on 
25 Governaire and Kendall pressure regulators, 
volume boosters and air relays quickly sizes regulator 
needed . . . (Stratos Div., Fairchild Engine and Air- 
plane Corp., Industrial Products Branch, Route 109, 
West Babylon, L. I., N. Y.) 
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Neutral-Density Filters 


Basically, Neutral Density filters reduce the amount 
of incident light they transmit by a given amount 
without changing the inherent quality of the light. 
They have as nearly as possible the same transmit- 

Color TIFFEN NO. ND 0.70 NEUTRAL DENSITY FILTER (Metallic) 






































Transmission in Percent 

















SR 
tance for every wave length. An ideal neutral filter 
would be represented by a straight horizontal line on 
a transmission graph . . . Because a filter absorbs a 
portion of the light that otherwise would be available 
to activate the film emulsion, exposure must be in- 
creased when most filters are used. The ratio of ex- 
posure required when a filter is used to that required 
when no filter is used is called the filter factor. Since 
each F stop is two times greater than the next smaller 
one the increase in stops is one half the filter factor. 

In the case of a neutral density filter the increase in 
stops may be found approximately by using the follow- 
ing formula, increase in stops = Density /0.301 
(From 38-page Catalog 161, “Photar Filter Glass,” 
Tiffen Optical Co., 71 Jane St., Roslyn Hts., L. 1., 
} ee 

FOR THIS LITERATURE CIRCLE 197 ON READER-SERVICE CARD 


Inner Valve Contours 


Super 70 valves employ four basic inner valve con- 
tours throughout the line . . . An inner valve contour 
establishes a constant or a percentage increase in flow 


QUICK OPENING UNEAR PLUG 


be 














for each equal amount of inner valve lift from closed 
to fully opened. With these choices, the flow through 
the valve can be more closely matched with the flow 
demands made by the process. The quick opening 
contour is normally used for on-off service .. . If 
the process demands that the change in flow be con- 
stant to maintain “set point,” the linear plug is used. 
If a percentage increase is demanded, the % plug or 
% V is used... (From 32-page Bulletin 70-275, “Con- 
trol Valves,” Black, Sivalls & Bryson, Inc., 15 N. Cin- 
cinnati, Tulsa, Okla.) 
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CURTISS (6x) WRIGHT 


Miniature Recorders 


Transmission, 
Hour /Minute Feed 


Sensitivity 
te 250 .a OC 
without amplification 
Rectilinear 
Recording 


Accuracy 1% on DC 
4 inch writing width 


MAXIMUM PERFORMANCE © 
MINIMUM SIZE 


Advanced movement design provides big a 
system features in an exceptionally small Miniature Square Model 
instrument. Curtiss-Wright Miniature Re- Flush Mount 

corders combine accuracy, simple oper- 554” square x 12%” deep 
ation, reading ease, rugged construction Weight: 16 ibs 

and dependable performance with space z 

and weight saving conveniences. SS e tenis 
Send for catalog or phone swinburne 9-0500. Application and Engineering services available 


CURTISS (62>) WRIGHT 


Princeton Division corporation Princeton, New Jersey 
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Does the quality or cost 
of your product depend on its 
flow characteristics? 


> A complete line of Ep- 
precht Viscometers provide 
viscosity measurements in 
the laboratory or during 
processing with automatic 
control of viscosity. 

®> Measurements can be 
made at pressures up to 
700 psi or in a vacuum at 
temperatures to 300° C. 
For detailed technical infor- 
mation on Epprecht Viscom- 
eters write to Dept. DV-36. 


J.W. FECKER DIVISION 


6592 HAMILTON AVENUE + PITTSBURGH 6, PENNSYLVANIA 
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So SIMPLE that 
'Specials’’ are 
Likely to be 
Standard! 


’ A sleeve, raised 
and lowered 
within a non- 
magnetic tube, 
attracts or 
releases on Alnico 


magnet attached to 


@ mercury switch. 
Basically, this is 
Magnetrol 


‘MAGNETROL 


The World's Most Dependable 


LIQUID LEVEL CONTROL 


Because of the utter simplicity of Magnetrol’s magnetic 
operating principle, standard models can be easily 
adapted to meet any special requirements for pressure, 


temperature or corrosive liquids . . . and usually at 
little extra cost. This Magnetrol versatility has solved 
all kinds of tough level control problems . . . and given 
our engineers wide application experience that can be 
invaluable to you. 


Magnetrol is so simple that failure is all but impossible! 
Using only permanent, unfailing magnetic force for its 
operation, there’s nothing to wear out... no dia- 
phragms or bellows to stiffen and rupture... no 
electrodes to short or corrode ... no packing to bind 
or leak. Magnetrol is practically maintenance-free! 
Magnetrol units are available for controlling level 
changes from .0025-in. to 150-ft. . .. with multi-stage 
switching when desired. Send coupon for full details. 


MAGNETROL, Inc. Pos pula bots 





MAGNETROL, Inc., 5326 Bel +t Road, D ers Grove, Illinois 
Please send me catalog data and full information on 

Magnetrol Liquid Level Controls. 

Name . 

Company 


Address ..... 
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Solid-State Power Sources 


High Efficiency Switching Preregulator plus High 
Performance Series Regulator provides radical ad- 


ees las 


Limit 











vances in system planning: 

(1) Doubles efficiency over previous optimums. 

(2) Offers package volume economies of 4 to 20 

times in power supplies. 

(3) Eliminates blowers. 

(4) Cuts air conditioner capacities by “Tons.” 

A switching preregulator is an instrumentation 
which offers essentially lossless regulation to changes 
in line voltage and load changes so that the series 
regulator driven by this preregulator may operate at 
low constant voltage and therefore at high efficiency. 

A switching regulator consists of: (1) a source of 
current, (2) a switch or chopper, (3) an averaging 
circuit, and (4) a load . . . Recent developments in 
solid state switching devices and the development of 
refined control circuitry have made possible more 
sophisticated power supplies such as described . . . 
(From 4-page brochure, Transistor Kinks, Feb., 1961, 
“Breakthrough in Power Sources,” Valor Instruments, 
Inc., 13214 Crenshaw Blvd., Gardena, Calif.) 
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Radiation Tracking 


The model XY-20 Radiation Tracking Transducer is 
a novel single-element photovoltaic device that detects 
position of visible to near infrared radiation simul- 
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ph SECTION OF X-Y TOPOLOGY PLOT OF A RADIATION TRACKING TRANSDUCER 
taneously in two axes. Coupled with a lens system, this 
solid state component is capable of detecting angular 
position of a radiation source. Extreme versatility 
makes it applicable to Tracking, Guidance, Computer 
Application, Instrumentation, and Control Automation 
. . . The plot (shown) was made by scanning a light 
spot across the cell surface in a rectangular grid pat- 
tern centered on the cell. Lines of the grid were spaced 
.020 inch apart. The resultant voltage output was re- 
corded on an XY plotter . . . (From 4-page bulletin, 
Micro Systems, Inc., 319 Agostino Rd., San Gabriel, 


Calif.) 
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Random Vibration Control 


¥ 


The Model A1011 can be used as a signal generator 
and monitoring device to provide shaped or compen- 
sated power distribution for amplifiers to drive high 
intensity acoustic test facilities . . . The basic Al011 
system includes a random noise source, clipper, sum- 
ming amplifier, spectral analyzer and sweep gener- 
ator, and switching means . . . The output of the mon- 
itoring accelerometers can be visually displayed over 
the full frequency spectrum on a cathode ray tube. 
The operator adjusts compensator and filter control 
to obtain a display that conforms to the specified test. 
... (From 4-page bulletin, Genisco Inc., 2233 Federal 
Ave., Los Angeles 64, Calif.) 
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Combustion Control Systems 


The prime objective of a combustion control system 
is to maintain the set steam pressure under varying 
load conditions. This must be done with the fuel and 


STEAM HEADER 


| SINGLE (OR TWO) FUEL 


J — SINGLE BOILER 
MASTER 
REGULATOR 
MODEL SA 
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GAS VALVE OIL VALVE 





AIR DAMPER 
PRESSURE SIGNAL 
MECHANICAL LINKAGE 


air supplied in the proper ratio for most efficient com- 
bustion over the entire firing range . . . The choice be- 
tween proportioning and metering is primarily deter- 
mined by the point at which fuel consumption is suf- 
ficiently high for a slight increase in combustion ef- 
ficiency to justify the additional capital expenditure 
. . » Several combustion control systems—proportion- 
ing and metering—are described . . . (From 32-page 
Bulletin 1001, “Application Guide,” Reliance Instru- 
ment Div., Electro-Mech Corp., Norwood, N. J.) 
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Case History No. 3 


PACE 
TRANSOUCERS 
CAN TAKE /7 / 


PACE Model P3D differential pressure 
transducers were used by a missile Auxiliary 
Power Unit manufacturer to measure 
Hydrazene flow rate in production testing. 
The instrument was mounted adjacent to a 
turbine when the rotor failed. In the result- 
ing explosion, the transducer was struck by 
pieces of the rotor blade, knocked loose 
from its mounting and hurled 60 feet. 

When rechecked at the factory, the trans- 
ducer was found to be operative and with- 
in original specifications. With a new 
connector and mounting plate, it was as 
good as new. 


PACE builds a complete line of rugged, 
reliable magnetic reluctance transducers, 
designed to withstand extreme pressure 
overloads and the abuse encountered in 
normal and abnormal applications. 

Write today for detailed information and 
engineering assistance on these trans- 
ducers, Pace Instrumentation Systems, and 
laboratory, production line and in-flight 
Thermocouple Reference Junctions. 


ad. \ Ol — Se 


13035 Saticoy Street — 
TRiangle 7-7139 


North Hollywood, California 
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FULL AUTOMATIC 


ENGINE 
CONTROLS {2° 


FOR GASOLINE DIESEL & GAS ENGINES 


Synchro-Start’s new protective engine controls have 
been designed, for the starting and stopping of 
engines from remote pilot devices, such as pressure 
switches, float switches, power failure relays, etc., 
and are completely automatic in operation. 


These dependable controls are encased in a steel, 
dust proof cabinet, and now feature enclosed PLUG- 
IN RELAYS as well as OVERLOAD BREAKERS. The 
plug-in relays simplify what little field maintenance 
that may have been required in older models, while 
the overload breakers eliminate the necessity of 
replacing fuses. 

In designing this unit we have used the same high 
quality materials and workmanship that our custom- 
ers have come to expect throughout Synchro-Start's 
27 years of manufacturing engine controls. 


SYNCHRO-START PRODUCTS, INC. 
, Since 1932 
8151 NORTH RIDGEWAY AVENUE - 
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NEW! PRIMARY PRESSURE STANDARD 
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with Cyclic Bi-directional Rotation 


INSTRUMENT 
BEING 
CALIBRATED 





Now you can calibrate 
any pressure measuring 
instrument from 0.2 psi 
absolute to 500.0 psi 
gauge with an accuracy 
of 0.015% of range! 





Exclusive cyclic bi-directional 
rotation of cylinder minimizes 
lift error 

Four pressure ranges 


Use any reference pressure from 


zero to one at phere e 


Self-contained pressure source 
provides pressure up to 15 psi 





Write for Technical Bulletin 150 


| DYNAMETRICS 
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Hydropoise Turbine 


Flowmeter 


The accuracy, long life, and reliability of the FEC 
HYDROPOISE transducer is assured by the pressure 
feedback system which keeps the rotor in a balanced, 
free flowing position between the support and the 
cone. The upstream cone acts as a drag shield. The 





JETTED PLENUM PRESSURE 


7=™ | 
N) — 
eet 
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Betis 


PRESSURE PER BERNOULLI'S LAW 


DOWNSTREAM 


— 














CORPORATION. 


Northwest Industrial Park, Dept. 10, Burlington, Mass. 


BALANCING EFFECT OF PRESSURE FEEDBACK SYSTEM 


drag pressure ex ~~ a force on the rotor blades in a 
downstream direction. The differential pressure due to 
an effective difference in cross-sectional area (Ber- 
noulli’s Law) exerts a force in the upstream direc- 
tion. Balance between the upstream pressure and the 
downstream pressure is obtained as follows: A plenum 
relief, formed between the upstream end of the rotor 
and the downstream face of the support, tends to 
change size according to the upstream force on the 
rotor, and downstream force exerted on the rotor by 
plenum pressure. The smaller the plenum relief, the 
greater the pressure on the upstream side of the rotor 
and the greater the tendency to increase size of the 
plenum relief, reducing pressure, and so on. Thus, the 
rotor tends to stay balanced due to the pressure feed- 
back between the downstream and upstream pressure 
systems . . . (From 4-page Bulletin FEC-101, Fran- 
cisco Engrg. Co., Inc., 23987 Ventura Blvd., Calabasas, 
Calif.) 
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Temp Conversion Chart 


New 814" x 11” chart printed on both sides permits 
rapid, accurate conversion from any scale—Kelvin, 
Rankin, Centigrade or Fahrenheit—to any other scale. 
. . . First, locate the exact temperature, using which- 
ever scale is appropriate, then, using the new scale 


-260c 136 2erc 12K 


you want, read off the corresponding temperature at 
this point. Range is from absolute zero to 16,000°C. 
Accuracy of rulings is approximately 0.01° below 
100°C, 0.02° up to 300°C, 0.05° up to 800°C, 0.2° 
up to 2000°C, 1° up to 6000°C and 5° up to 16000°C. 
... (From Bulletin 10605, Rosemont Engineering Co., 
4900 W. 78th St., Minneapolis 24, Minn.) 
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Motor-Driven Level Gage 


For a higher degree of accuracy over a wide range, 
the Ohmart Model MDL or MDLV motor driven level 
gage can be furnished . . . Referring to the schematic 
drawing, the source of gamma radiation and an Ohm- 
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art measuring cell are mounted on steel tapes that 
wrap around a motor driven drum. One of the tapes 
is equipped with perforations that engage the position 
sensor sprocket. As the drum rotates, the source and 
measuring cell are moved up and down together, and 
the position sensor rotates. The position sensor oper- 
ates through a gear reduction mechanism to two po- 
tentiometers that give output voltages that are a func- 
tion of the position of the source and cell. One poten- 
tiometer is set to indicate the full range in feet; the 
other is set to indicate inches within that range. . . 
A zero-suppression circuit is adjusted so that the 
meter on the balance indicator unit indicates zero 
when the level is at the midpoint of the measuring 
cell and source. As the level moves up, the balance 
indicator reads off-balance, and by means of the mo- 
tor actuator, the source and cell move until the sys- 
tem returns to balance. The new level is then read 
on the level indicator .. . (From 4-page Bulletin 106, 
Ohmart Corp., 2236 Bogen St., Cincinnati 22, Ohio.) 
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Static Power Conversion 


Static power conversion equipment refers to any 
equipment which converts electrical power from one 
form to another without the use of moving parts such 
as rotors or vibrators. “Static” implies the use of semi- 
conductors—and the exclusion of tubes. Typical con- 
versions are: (1) de to ac (in which case the unit is 
usually called an inverter), (2) ac of one frequency or 
phase to ac of another frequency or phase (in which 
case it is usually called a converter), (3) dc of one 
voltage to de of another voltage (converter or power 
supply). (4) There are many other specialized cases 
in which power conversion equipment is used to pro- 
vide power which is controlled so that it is “better” 
than the power available; for example, where the ac 
power available is not well regulated and it is desired 
to obtain power of very close regulation either for 
voltage or for frequency . . . (From 20-page booklet, 
“Static Power Conversion Guide,” Hamilton Standard, 
Div. United Aircraft Corp., Broad Brook, Conn.) 
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Select from over 
3,500 different 


SOLENOID 
VALVES from 
VALCOR | 


Series SV-54 


ral pur 


FREE...new 16 page brochure 
—lists over 500 corrosive 
media—coded for correct valve 
selection. ‘ 
For complete information on 


these or other models, write 
or call: 


VALCOR ENGINEERING CORP. 


5366 Carnegie Ave., Kenilworth, N. J. 
CHestnut 5-1665 
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Now NO-BLADE Stripping 
makes wire damage 
impossible! 


THERMO-STRIP 


FOR PLASTIC INSULATION 


@ For use where absolutely no wire damage 
is permissible 
@ Can operate continuously—no warm-up delay 
@ Infinitely variable heat control—prolongs 
element life—reduces fumes 


Especially designed to meet zero-defect 
requirements in assembly of missiles 
components, aircraft, computers and other 
precision electronic systems and instruments, 
the new Ideal Thermo-Strip Hot Wire Stripper 
completely eliminates the possibility of nicks, 
breaking or disturbing of strands in even the 
finest wires. Not just a converted soldering 
iron, it is all new, light-weight, easy-to-use, 
and safely removes all 

types of thermo-plastic 

insulation, including 

Teflon. 


COMPLETE... 
READY TO USE... 


Includes 50-watt 
transformer and tool 
of your choice. 

(Shown with Pincer 
mounted for high-speed 
production stripping.) 


PINCER ? 

Just grip wire, twist, and 
pull off insulation slug 
with heating elements. 


SINGLE LOOP 

For “probing” into miniature 
or crowded assemblies. Just 
put wire end in V-notch 

of electrode. 


Elements may be formed for any 


Sold Through America’s Leading Distributors 
wire size or particular service. 


IN CANADA: IRVING SMITH, Ltd., Montreal 


IDEAL INDUSTRIES, Inc. 
1420-D Park Avenue, Sycamore, Illinois 


O Have your representative 
arrange a trial for me. [| Send data only now. 


ARRANGE 
A TRIAL! 
MAIL TODAY 
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Automatic Batching 
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The new DPB Series 600 Batchetron . . . is espe- 
cially designed for concrete and asphalt proportioning. 
It. . . weighs out pre-set amounts of any material that 
can be pushed, poured or dropped into weight hoppers 

. does it in a pre-selected sequence that can be re- 
peated automatically. Interlocks prevent incorrect se- 
quence and halt operation if something goes wrong. 
Control panel meters allow the operator to adjust for 
hopper tare weights, while pilot lights indicate batch- 
ing startup, sequence and finish . (From 4-page 
brochure, Electronics Div., Fairbanks, Morse & Co., 
505 Oakland Ave., West Hartford, Conn.) 
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Double-Break Snap-Action 


| nova.c 
eas Paamenis 





lor 


Multiple break, or double break contacts effectively 
increase electrical capacity and electrical life of a 
switch. Are energy is distributed over more than one 
location. The heat is, therefore, dissipated at two 
places, minimizing the possibility of contact weld . . 
In any multiple break switch the action must be simul- 
taneous. If it is not, the advantage is lost, since the 
last contact to make or the first contact to break would 
carry the full load. 

With the double break contact arrangement we 
derive a two circuit feature. The figure illustrates this 
advantage as applied to isolation of control circuits . . . 
(From 32-page catalog featuring 4-pages of basic ter- 
minology, Licon Div., Illinois Tool Works, 6606 W. 
Dakin, Chicago 34, Ill.) 
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Indicating Controllers 
The SR-4 Type 110 Pointer Indicator & Indicating 


Controller is a compact, versatile instrument devel- 
oped primarily for use in measuring and control sys- 








Two independent systems, employing 2, 3 or 
4 load cells each, with totalized outputs 
separately indicated by a single instrument 


tems employing resistance strain gage transducers. It 
is well-suited to a wide variety of industrial applica- 
tions, including weight and load measuring systems, 
pressure systems, torque and horsepower measuring 
systems, etc. ... An automatic null-balance type instru- 
ment, it utilizes a servo-driven slide wire to balance 
an internal bridge circuit. Standard models provide 
overall system accuracies of up to +14%, and are 
available for use with both AC and DC transducer 
systems . . . Where two independent transducers are 
employed, a dual-input DC Instrument may be used to 
indicate both outputs individually. A front-panel switch 
is provided on dual-input models to select the desired 
input channel . . . (From 6-page Bulletin 4411, Bald- 
win-Lima-Hamilton, Electronics & Instrumentation 
Div., Waltham 54, Mass.) 
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Electronic Weighing 


The Ametron Electronic Scale is comprised of 2 
basic units: 1) load cell unit, 2) servo system data 
presentation device. The Load Cell consists of a vari- 
able resistance strain gage bonded by bakelite cement 
to an accurately machined load member. When a 
weight is applied to the load cell, a change in the strain 


ZERO AND | 
DEAD LOAD 
ciRCUIT 


























gage resistance introduces a voltage change, . . . passes 
it through an amplifier which, in turn, operates a two- 
phase motor. The motor changes a variable resistor to 
compensate for the voltage difference of the bridge 
circuit. It also positions a step cam printer locating the 
correct typewheel positions for a weight recording. 
When “zero” voltage exists in the bridge circuit, the 
motor stops .. . (From 6-page brochure, Streeter-Amet 
Co., Grayslake, Ill.) 
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This 65 instrument 
saves me 60% an hour 


in production costs’ 
7 


TIME Gia 
RECORDER ** + TOTALIZER 


| An instrument that automatically records “on-off” 

~ time of any machine or process. Information is 
what TRT is _ marked on a continuous, time-indexed tape. Marking 

~ Stylus is electrically actuated. Tapes run 4 months. 


@ Shows on tape exactly when “down-time” occurs, 
_ how long it lasts. Access window enables 

what TRT does operator to write reason for stoppage. Visual 
~ counter totals actual productive time. 


| TRT data-on-tape gives accurate, single-source 
basis for cost-cutting in plant or office: time study, 
how TRT saves _ production control, preventive maintenance, 
"locating bottlenecks. Write for free Brochure IR-4 





t ad ad INSTRUMENT CORPORATION 
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MULTE SPegp g INCREASE > 
RECORDER | 
VERSATILITY. 
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STRIP CHART RECORDERS 
BUILT BY —HONEYWELL—LEEDS & 
NORTHRUP — BRISTOL — WHEELCO — 
GENERAL ELECTRIC ceasity Fietp MouNTED) 


Matches Chart Speed to Test Requirements ¢ Quick dial 
selection of eight speeds ¢ Improves resolution and read- 
ability of plotted curves ¢ Provides greater total chart 
speed range © Saves chart paper ¢ Saves valuable time. 


CHART DRIVES © SPEED REDUCTORS ¢ INSTRUMENT DRIVE SYSTEMS 


INSCO COMPANY 


DIVISION OF BARRY WRIGHT CORP 
GROTON, MASSACHUSETTS 
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what!—counters on jets? Lots of them. Kollsman puts them 


SMAN INSTRUMENT CORP. 


there. And Veeder-Root supplies Kollsman, providing jet 


-immediate indication of the 
itrolling 


~ gre on 
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Root 


TAKE-OFF 
0 270 
Re) 


Modern thrustmeter—one of many special in- 
struments which uses Veeder-Root counting 
ingenuity —shows pilots the power conditions 
necessary for safe take-off. 
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1961 IRE Show 


HE 1961 International Convention of the In- 

; stitute of Radio Engineers was held during 

the week of March 20 in New York City. The 
54 technical sessions covered everything from med- 
ical to military electronics, from practical applica- 
tions to advanced theory. 

The major emphasis was on advanced compo- 
nents for military systems, including traveling-wave 
and backward-wave tubes, tunnel diodes, paramet- 
ric amplifiers, thin-film memories, miniaturized 
“dot-sized” components, etc. But interest is growing 
rapidly in three areas—medical, logic circuitry, and 
precision measurements. 

The exciting field of circuit and system develop- 
ment via logic modules is attracting great attention 
(readers of I&CS have had a basic series on this 
subject for more than one year). Logic modules 
were displayed at IRE by Radiation, Inc., Epsco 
Components, Packard-Bell Computer, Digital 
Equipment Corp., Di/An Controls, Engineered 
Electronics Co. (EECO), Fairchild Semiconductor 
(new Micrologic family), Computer Control Co., 
C&K Components, AMP (AMP-MAD elements), 
Data Systems Div. of Harman-Kardon, and C. P. 
Clare & Co. These elements use the techniques of 
gates, transistors, NOR circuitry, cores, and com- 
binations for their logical implementation of cir- 
cuits and situations. Of interest is the new Clareed 
Relays of C. P. Clare & Co., in which the logic is 
performed in interacting flux fields. (This will be 
reported in detail in our symbolic-logic series. ) 

In the area of precision measurements, a new line 
of potentiometer pressure transducers was unveiled 
by DeJur-Amsco Electronics Div. Fairchild also dis- 
played a new potentiometric pressure transducer. 

Packard-Bell unveiled a potentiometric amplifier 
with bandwidth to 100 ke, gain to 1000, stability of 
0.01%, 1000-megohm input impedance. 

North Atlantic unveiled precision phase-angle 
and ratio instruments. 

Counters are becoming even more versatile. Beck- 
man displayed a reversing counter (Model 3300) 
that counts up, or down, adds two counts, subtracts 
them, monitors their deviation, etc. 

Calibration consoles were displayed by Sensitive 
Research, Julie Research, Radio Frequency Labs., 
and others. 

Other precision measurements instruments of in- 
terest included a complete new line by Simpson, 
a universal impedance bridge by John Fluke, an 
electronic Wheatstone bridge (electronic null de- 
tector for Wheatstone Bridges) by Millivac-Cohu; 
a standard frequency meter by Measurements, a 
ratio bridge by Gertsch for phase measurement 
(accuracy in quadrature is 0.1%). 

There was much interest in timing and frequency 
standards also, including the crystal-controlled 
standards of Rhode & Schwarz, the rubidium fre- 


EDITORIAL 





quency standard of STL, the Atomichron frequen- 
cy standard of The National Co., the tuning-fork 
standards of Hathaway. 

Many new recorders were unveiled including 
direct-writing optical oscillographs with response 
to 8000 cps. 

In the medical area, the IRE selected a paper 
in the field of medical electronics for its annual 
“best paper of the year” award (and the same week 
saw the emergence of the nation’s first national- 
coverage trade journal in the field of bio-medical 
electronics—MEDICAL ELECTRONICS NEWS, 
with a first-copy circulation of 35,000, published 
by Instruments Publishing Co.) The IRE paper 
that won the W. R. G. Baker Award of the IRE 
for the year’s most outstanding technical paper was 
“Respiratory Control of Heart Rate: Laws Derived 
from Analog Computer Simulation,” by Manfred 
Clynes, President of Mnemotron Corp., Spring Val- 
ley, N. Y. 

The same firm exhibited “telephone transmission 
of electrocardiograms” via SONLINK PFM Sound 
Data Converter—an instrument that permits any 
person with a cardiograph to transmit the signal 
over any telephone to a receiver which reproduces 
the data into its original analog form. This permits 
the cardiograph to be analyzed immediately at the 
remote station, simply by dialing a number on a 
telephone. Of course, this system permits any 0-100 
cps data to be so telemetered and received. The 
same firm also offers the CAT Computer of Aver- 
age Transients designed to analyze brain wave sig- 
nals with signal-to-noise ratios of 1:30 or worse. An 
electronic obstacle detector for the blind also was 
reported by Biophysical Electronics. 

Today the commercial market for medical elec- 
tronic equipment is small—in the order of $200,- 
000,000, mostly X-ray devices, a microscopic figure 
compared to other areas of electronics. But it is 
significant that the new publication—MEDICAL 
ELECTRONICS NEWS—is being published by 
The Instruments Publishing Company which, 34 
years ago, brought out the world’s first trade jour- 
nal in industrial measurement and control—the 
magazine INSTRUMENTS (now known as IN- 
STRUMENTS & CONTROL SYSTEMS). The mar- 
ket for industrial instruments thirty years ago was 
even smaller than the present medical electronic 
market—but it grew to become the multi-billion- 
dollar automation industry in which the publica- 
tion INSTRUMENTS & CONTROL SYSTEMS is 
the acknowledged pioneer and leader. History re- 
peats, at an accelerating pace. 

The electronics industry has experienced five 
major periods—the radio era, the radar era, the 
television era, the industrial era, the missile era. It 
is about to enter its sixth and most important era— 
the MEDICAL ERA. 
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THE D-P 
FLOWMETER EQUATION 


PAUL ODOM 


Pratt & Whitney Aircraft 


The derivation of the basic constant-area dif- 
ferential-pressure flowmeter equation for 
venturis, nozzles, orifices, and dall flow tubes. 


TERMINOLOGY 
A—Area, ft* 
C—Discharge coefficient, f,(N,), fo( 8) 
D—Diameter, ft 
d—Diameter, inches 
E—Energy, ft-lbs/Ib of fluid flowing 
g—Acceleration of gravity, 32.2 ft/sec* 
H—Differential pressure, ft of flowing fluid 
h—Differential pressure, inches of flowing fluid 
J—Conversion factor, 778 ft-lbs/Btu 
k—Specific heat ratio 
M—Velocity-of-approach factor, |/V 1 —£* 
P—Static pressure, lbs/ft® 
p—Static pressure, lbs/in® 
Q—Volumetric flow rate, ft*/sec 
q—Heat transfer rate, Btu's/lb of fluid flowing 
T—Temperature, “Rankine (460 4+ °F) 
u—Internal energy, Btu's/Ib of fluid flowing 
V—Velocity, ft/sec 
v—Specific volume, ft*/lb = I/w 
W—Gravimetric flow rate, lbs/sec 
w—Work, ft-lbs/Ib of fluid flowing 
Y—Expansion factor, f:(ps/p:}, fo (k), fs (8) 
Z—Potential energy, ft of elevation 
Subscripts: 
1—Conditions upstream of throat (line) 
2—Conditions at throat 
s—Standard conditions 
m—Manometer 
f—Flowing fluid 
i—System inlet (also subscript |) 
o—System outlet (also subscript 2) 
Greek symbols: 
B—Diameter ratio = Throat dia — Pipe ID = d./d; 
u—Dynamic viscosity, slugs/ft-sec 
w—Specific weight, Ibs/ft® = I/v 
p—Mass density, slugs/ft® 
Abbreviations: 
ASME—American Society of Mechanical Engineers 
AGA—American Gas Association 
VDi—Verein Deutscher Ingenieure (Society of German Engi- 
neers) 
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by the ASME, AGA, and VDI codes, is based 

on the principle of the conservation of energy. 
This principle is the basis of the first law of thermo- 
dynamics. A statement of this law is that “Heat 
and work are mutually convertible, but since energy 
can neither be created nor destroyed, the total 
energy associated with an energy conversion re- 
mains constant.” This principle, when applied to a 
steady flow process, is simply an accounting of all 
the energy terms involved in the process. 


Friy tie ase ENGINEERING, as practiced 


The Energy Equation 
This relation states that all the energy in a fluid 
entering a system (E;) plus the net heat added to 
the system (Jq) equals all the energy in the fluid 
leaving the system (E,) plus the net work per- 
formed by the system (w). That is: 
E,+ Jq=E,+w (1) 
The work term (w) may be separated into two 
parts: (1) The work required to move the fluid 
across the system (w,;), and (2) all other forms of 
work (=w). 
E; + Jq = E, + we + Sw (2) 
The work required to move the fluid across the 
system is derived as follows: arbitrarily select en- 
trance and exit planes for the system. Each pound 
of fluid that enters (or leaves) the system consists 
of a plug of fluid of cross-sectional area A and 
length L. Since work is the product of force and 
distance, the work done in moving a 1-pound plug 
of fluid across the boundary plane is equal to the 
product of the force on the plug (PxA) and the 
plug length L. This results in the following ex- 
pression for the net “flow work”: 
wr = (PAL), — (PAL); (3) 
The product of A and L (area times length) is a 
volume. As we are considering the work associated 
with each pound of fluid, the product AL is the 
specific volume v, and 
We = PV. vn Py; 
Substituting for w;y in equation (2): 
E; ot Jq — E. on P.vVo —_ Py; oe Sw 





The energy term (E) can be separated into 3 
parts: (1) Potential energy (Z) is the result of a 
difference in height between the system entrance 
and exit; it is numerically and dimensionally equal 
to the measured difference in elevation. (2) In- 
ternal energy (u) is the energy stored in the mole- 
cules of the fluid and consists of molecular kinetic 
energy of translation, molecular rotational energy, 
molecular vibrational energy, and potential energy 
relating to molecular binding forces. (3) Kinetic 
energy (V?/2g) is the energy the fluid posesses by 
virtue of its velocity. Substituting for E in equation 
5: 

Z + u + VP/2g + Jq = 
Zo + Us + Vo2/2g + Povo — Pv; + Sw (6) 


Z; + u + V;?/2g + Pw + Jq = 
Z, + Us + Vo2/2g + Pave + 3w (6a) 


This is the general energy equation for the steady 
flow of a fluid through any machine or device. 


The D-P Flowmeter Equation 


In adapting the general energy equation to a 
differential-pressure flowmeter, the system inlet be- 
comes the section of pipe immediately upstream 
of the meter constriction (or throat), and the sys- 
tem outlet becomes the meter throat (Fig. 1). Sub- 
stituting subscript 1 for i, and 2 for 0, and making 
the following assumptions: 


1. The flowmeter is horizontal so the change in 
potential energy between the pressure taps 
is zero. If the flowmeter is inclined or vertical 
the vertical distance between the pressure taps 
(expressed in feet of fluid flowing at flowing 
conditions ) must be added to or subtracted 
from the differential pressure. When the flow- 
ing fluid is a gas this error is negligible. 

2. The heat transfer q is negligible. 

3. The work term Sw is zero. (In a flowmeter 
energy conversion the only applicable work 
term is wr) 


. The change in internal energy is zero. This 
assumption is not true because of friction, 
but the discrepancy is accounted for later by 
the introduction of the discharge coefficient 
“C” 


Owing to these assumptions, equation 6a be- 
comes: 


Pyv, + Vi?/2g = Pave + V2?/2g (7) 
2¢(Pivi aed P2v2) = V2? —_ V;? (7a) 


V; can be expressed in terms of V2 by use of the 
continuity equation: 


Q = AV; = AeV2 (8) 

Vi; = V2(A2/Ai1) = Ve2(de/di)? (8a) 
Substituting for V; in equation 7a: 

2g(Pivi — Pave) = V2? — Vo?(de/d,)* (9) 

2g(Pivi: — Pov.) = V2?[{1 — (de/d,)*] (9a) 
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FIG. |. FLOW SECTION with constriction for pro- 
ducing a differential pressure. 


Arranging V2 as the dependent variable: 


2¢ (Piv; — Pov 
V2 =j oe sa , ft/sec (9b) 
[1 — (d2/d:)*] 
Substituting for V2 in the continuity equation: 
(Q — AoV2): 


2g (Pivi —_ Pov2) 
Q= as | , ft®/sec (10) 
[1 — (de/d; )*] 














Discharge Coefficient 


Equations 9b & 10 are theoretically correct and 
if idealized flow conditions (isentropic energy con- 
version) could be realized, would be correct. How- 
ever, they are in error because of the assumption 
that the internal energy change was zero. To cor- 
rect this, the discharge coefficient C is introduced. 
It is defined as being the ratio of the true flow rate 
(as determined by calibration) to the theoretical 
flow rate (as determined by equation 10). 

Up to this point the equations have been inde- 
pendent of the geometry of the flowmeter.* The dis- 
charge coefficient takes this into account since, 
for a given Reynolds number, it varies with meter 
design. In the case of orifices it also varies with 
diameter ratio (8). This is because the discharge 
coefficients for orifices include a “contraction co- 
efficient.” The contraction coefficient is the ratio 
of minimum jet area (vena contracta) to orifice 
opening area, and is the result of the stream cross- 
sectional area continuing to decrease after passing 
through the orifice. 

The discharge coefficient depends on the shape 
of the meter between the differential-pressure taps 
only. The meter configuration downstream of the 


*Gentile flow tubes cannot be considered in this dis- 
cussion because they do not present a differential 
pressure that is any known function of velocity. Their 
differential pressure is the difference between inlet 
total (or stagnation) pressure and a downstream pres- 
sure that is less than stream static. The taps are ar- 
ranged in pylons (or recesses) so that the upstream 
tap is facing squarely into the stream and the down- 
stream tap is facing directly downstream. This results 
in a greater differential pressure (for the same flow 
and throat size) than can be obtained from static taps 
placed at upstream and throat conditions, but means 
that each meter must be calibrated for the particular 
conditions over which it will be used. In other words, 
the flow rate cannot be calculated from theoretical con- 
siderations, and no coefficient exists to establish dy- 
namic similarity. 
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throat tap has no effect on the discharge coefficient, 
assuming no disturbance creators (pumps, valves, 
etc.) are located close to the throat. 

This effect should not be confused with the per- 
manent head loss across the meter. The permanent 
head loss across the meter is expressed as a % of 
the differential-pressure and is due to incomplete 
recovery of the static pressure. 


Inserting C in equation (10): 


2¢ (Pivy — Povo ) 


, ft®/sec (11) 
{1 — (de/d, )*] 


Velocity-of-Approach Factor 


The factor 1/ ¥ 1 — (d2/d; )* is called the veloci- 
ty-of-approach factor and is designated by M. It 
modifies the flow equation for the effect of up- 
stream velocity. From inspection it is seen that as 
the throat diameter (d.) becomes small compared 
to the upstream diameter (d,), M approaches 1. 
This is intuitively reasonable since the upstream 
velocity, relative to the throat velocity, approaches 
zero as the throat velocity increases due to a de- 
crease in throat diameter. In the familiar relation 
V 2¢H it is assumed that the upstream veloci- 
ty is zero. If not, the relation becomes V = 


M Y¥ 2H. 


Inserting M in equation (11): 


Q = MCA,z Y 2g (Piv; — Povo), ft?/sec (12) 


The product MC is sometimes used as a single 
“Flow Coefficient” and called K. 


Expansion Factor 


The assumption is now made that vz = v;, and 
the coefficient Y is introduced and defined as be- 
ing a correction factor for any error introduced in 
making this assumption: 


Q = YMCA, Y 2gv; (P, — Po), ft*/sec (13) 
- L/o: 
Q = YMCAz Y 2g (AP/w;), ft?/sec (13a) 


Since v = 


The factor Y, as introduced into equation (13), 
is called the expansion factor. It is a function of 
the specific heat ratio k, the diameter ratio 8, and 
the pressure ratio P2/P; (or [P; — AP]/P;). Thus 
for a given flowmeter and gas, Y is a function only 
of the pressure ratio. Tables and curves of expan- 
sion factors can be found in published literature 
such as the ASME Fluid Meters, Their Theory and 
Application. For venturis and nozzles the values of 
Y are theoretical; for orifices they are empirical. 


The Working Form of The Equation 


A fundamental relation of fluid statics is AP = 
Ho, where H is the height of a column of fluid of 
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specific weight » supported by a difference in pres- 
sure AP. Replacing (AP/w;) in equation (13a) by 
H: 

Q = YMCA, Y 2gH, ft*/sec (14) 

Since w is the specific weight of the flowing fluid, 
H is expressed in feet of flowing fluid (at flowing 
pressure and temperature). 

This is the working form of the flow equation 
and is the most versatile and easily remembered 
form. Inspection of equation (14) reveals that, for 
a given flowmeter and line fluid: 


a. M, Ae, and V2g become a single constant. 

b. Y is a function of the pressure ratio only. For an incom- 
pressible fluid the assumption that v2 = v: is valid and 
¥ sw I. 

. Cis a function of Reynolds number, N;. The Reynolds num- 
ber is sometimes based on throat conditions and sometimes 
based on pipe (or line) conditions. If the Reynolds number 
base is not identified it is assumed to be the throat 
Reynolds number. 

. H is the height of a column of the flowing fluid supported 
by the difference in pressure between the points where the 
fluid enters and leaves (the flowmeter taps). If the flowing 
fluid is a compressible gas, the manometer fluid height 
must be converted to an equivalent height of gas at the 
pressure and temperature of the gas in the line. 


It should be realized that, for compressible flow, 
Q (as found from the above equations) represents 
volumetric units at flowing conditions and not 
standard volumetric units. 

When it is desired to compute flow in terms of 
standard volumetric units the ideal gas law is used 
as follows: 

P,Q./T; a P,Q;/T: ( 15) 
where Q, is the flow as found from equation (14) 
and P,, T; are the pressure and temperature as- 
sociated with . 

Q.=YMCA, V 2gH (P;/T:)(T./Ps), scfs (16) 
scfs = standard cubic feet per second based on a 
standard pressure P, and a standard temperature T,,. 

When it is desired to compute flow in gravimetric 
units, equation (14) is multiplied by o; and equa- 
tion (16) by o,: 

W = YMCAzg wo, Y 2gH, Ibs/sec (17) 
W = YMCA; o, ¥ 2gH (P,/T:) (T,/Ps), Ibs/sec 
(17a) 


Manometer Relations 
The differential-head H frequently is indicated 
on a manometer connected between the flowmeter 
inlet and throat taps. As the manometer fluid must 
be different from the flowing fluid, it is necessary 
to convert the manometer indication to an equiva- 
lent height of flowing fluid. The conversion formulas 
are derived as follows (Fig. 2): 
P; sh (b oe H,, ) wf a (a — b —_ Ha )om = 
P. + boy + (a — b)om (18) 
Rearranging: 
P, ae Ps = AP = Ha(om — wt ) 
Remembering that AP = Hw; = Hoy: 
Hoy =e Hn (om cased wf ) (19) 


i ee : 
we 


(18a) 


(19a) 





The specific weights used are at the tempera- 
tures of the respective fluids. If the temperatures 
of the flowing and manometer fluids are not too 
far apart, and if both fluids are liquids, the specific 
gravities may be used instead: 


. Ha(SG, % ) (20) 


*f 


Reynolds-Number Calculations 


The basic Reynolds-number equation is: 

N, = pVD/p (21) 
where p is mass density in slugs/ft® and p» is dy- 
namic viscosity in slugs/ft-sec (V and D are as 
before). Since p =wo/g, equation (21) may be 
written: 

N, = oVD/gp (21a) 

To compute a pipe Reynolds number, the charac- 
teristic velocity is taken as the velocity in the pipe 
upstream of the throat (station 1 in Fig. 1), and the 
characteristic dimension D is taken as the pipe ID. 
As the relation V = MY 2gH gives the velocity at 
the throat, the upstream velocity must be found 
from V; = Q/A, or Vi = W/Ajo: 


N, = wy Q D,/Aig » 
= 4 w; Q/a Digu (22) 
N, = 4 WD,/Ajoigu 
= 4W/xDi gy (22a) 

It is seen that the computation of a pipe Reynolds 
number involves an iteration process when the 
Reynolds number is being computed to find a flow 
rate. As the only reason for computing a Reynolds 
number in this case is to find the discharge co- 
efficient, and as the discharge coefficient can be 
approximated within a few % for a given meter type 
and £ ratio by inspecting the tables or curves, a 
calculation of Q using a first approximation of the 
discharge coefficient is sufficiently accurate for all 
but the most precise applications. 

To compute a throat Reynolds number, the 
characteristic velocity is taken as the velocity at the 
throat, and the characteristic dimension is taken 
as the throat diameter. As the throat velocity is 


found from V = MY 2gH: 
N, = 2M Y 2gH ( D:/x ) (23) 


As a relatively large change in Reynolds num- 
ber produces a small change in discharge coef- 
ficient, negligible error is introduced by letting 
w2 = ;, and M= 1 in throat Reynolds number 
calculations: 


Ne = 1 V3EHT( Di/en) (24) 


It is usually convenient to leave g out of a con- 
stant grouping because many curves of viscosity are 
plotted with gy as the ordinate. 


Flowmeter Specification Sheet 


A specification sheet for d-p flowmeters has been 
prepared. It includes space for: 














FIG. 2. MANOMETER used to indicate a differ- 


ential pressure. 


Meter type 

Meter fluid 

Range 

Operating conditions—pressure, density, temperature, 
viscosity 

Maximum pressure 

Maximum temperature 

Throat diameter 

Head loss not to exceed —%/, of differential head 

Accuracy 

Calibration Required 

Line Size 

Connections 

Materials 


A reproducible plot of Flow Coefficient K vs pipe Reynolds 
Number shall be supplied with meter. These quantities shall be 
as defined by the ASME publication FLUID METERS, THEIR 
THEORY AND APPLICATION, Fifth edition. When calibration 
is required, Vendor shall supply copies of all data used to 
establish K vs pipe Reynolds no. curve together with a sketch of 
the calibration setup showing upstream and downstream pipe 
lengths and sizes and location of all pressure taps. 


PAUL ODOM, 33, has a BS in Mechanical Engineer- 
ing from Purdue University. Since 1956 he has been 
instrumentation engineer with Pratt & Whitney Aircraft 
at the Connecticut Aircraft Nuclear Engine Labora- 
tory facility of the U. S. Air Force and AEC. From 
1953-1955 he was instrumentation engineer with Pratt 
& Whitney Aircraft's jet engine development pro- 
grams. He studied at Purdue University, 1950-1953, 
and Indiana University, 1948-1949. 
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Flow Measurement in Rocketry 


Extremes of flow rate, temperature and pressure demand 
special instrumentation for missiles and rockets. Here is the 
part that flow measurement played in the Atlas program. 


Byowrtios of the Atlas Intercontinental Bal- 
listic Missile from a concept to America’s first 
operational ICBM resulted from a tremendously 
complex test program. The propulsion system, the 
hydraulic system (which actuates the controls), 
the guidance, and the ground support equipment 
progressed through a long series of development 
tests. 

Flow measurement played an important role in 
the test program and called for the use of tech- 
niques, hardware and accuracies never before ap- 
plied. 

Many different flowing media had to be metered 
under a wide range of temperatures and pressures. 
The media included fuel oil, helium gas, liquid 
oxygen, liquid nitrogen, and gaseous nitrogen. The 
flow conditions included temperatures from —320° 
F to 400°F; pressure to 3,000 psi; flow rates from 
% Ibs/sec gas media, to 5,000 gpm liquid. 


Flow Measurements in Engine Performance 

The instrument engineers of the rocket engine 
manufacturer tackled the job of providing suitable 
flowmeters for testing the first Atlas prototype 
engine at the Propulsion Field Laboratory. 

The combined flowrate (pounds/sec) of the 
two liquid propellants (fuel and oxidizer), divided 
into the total thrust in pounds developed by the 
engine, is called the specific impulse, and is ex- 
pressed in seconds. The larger this number, the 
more efficient the engine. Specific impulses around 
300 seconds (300 pounds of thrust for each Ib/sec 
of propellant burned) are considered good. 

Concurrent with the engine test program, a par- 
allel component test program was conducted by 
both engine-builder and subcontractors supplying 
valves, ducting, etc. All these components also re- 
quired flow testing. 

The rocket-engine propulsion system must be 
thoroughly proved on the ground. This is done 
through a static test program, sometimes called 
“captive” or “tiedown” tests. In a static test pro- 
gram, flow measurements include (1) propellant 
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flow (fuel and oxidizer), (2) gas flow to the tur- 
bopumps (as determined by measuring the liquids 
fed to the gas generator), and (3) pressurizing gas 
fed to the propellant tanks. 


Comparisons of Flow Techniques 


The choice of flow measuring technique was 
largely influenced by the following factors (in ap- 
proximate order of importance)—(1) accuracy or 
precision, (2) reliability, (3) weight, (4) pressure 
loss caused by instrument, (5) availability, (6) 
cost. 

Available hardware in the late 40’s and early 
50’s was limited to familiar flowmeter types—ori- 
fice, nozzle, venturi, pitot and rotameter. 

Early disappointment with orifice-metering led 
to investigation of newer techniques. A device that 
gave immediate promise was the turbine-type flow- 
meter, a transducer consisting of a freely-revolv- 
ing bladed rotor which is driven by the fluid and 
rotates at a speed nominally proportional to the 
velocity of the fluid stream passing through it. 
The rotational speed (rpm) of the rotor represents 
fluid velocity (flowrate). In the early days of the 
test program, rotor speed was sensed mechanically 
by a gear-train driven by the rotor. Today, elec- 
trical sensing of rotor speed is used (Fig. 1). 

Today’s turbine flowmeters are made in both a 
screw-end and flange-end style, the latter for larger 
pipe sizes. The Instrument Society of America is 
developing standard end-to-end dimensions as 
well as standard terms and definitions for this type 
of flowmeter (RP31.1). 


Calibration of Flowmeters 


The most desirable method of calibrating a flow- 
measuring device is by use of a secondary stand- 
ard, such as a volume-calibrated tank, certified by 
the National Bureau of Standards. 

Another type of secondary standard is a cali- 
brated orifice run. This method, although not as 
accurate as the volumetric method, is more prac- 
tical. The flow unit to be calibrated, with all its 
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associated piping and sensing elements, is as- 
sembled in a configuration closely resembling that 
used during an actual metering run. For example, 
if certain valves will be used in the metering run, 
these items should be installed in the calibration 
set-up. This is also true of pressure-sensing lines. 
In addition to duplicating actual metering runs, 
these sensing lines should be as short as possible 
and of equal length to each side of the pressure 
transducer. 

To maintain high calibration accuracy, it is de- 
sirable to employ the same flow medium in the 
calibration as that to be used in the actual meter- 
ing system. However, it was found by comparative 
tests with flowmetering devices designed for use 
with certain gases (helium, nitrogen, oxygen) that 
calibrations could be run more conveniently using 
dry air at constant temperature. The basis for us- 
ing air as the flow medium and converting the test 
data to another gas conforms to accepted practice 
where the calibration does follow the ASME“)— 
VDI) formuiae. 

If wide temperature differentials are expected 
during the calibration runs, it may be necessary to 
enclose the transducers in a temperature controlled 
housing at the temperature which will provide the 
most accurate results. 

Cryogenic liquids, gases and mixed phase condi- 
tions require expert test personnel. For example, 
valves should be carefully opened or closed to pre- 
vent surging which could over-range transducers 
and invalidate the calibration; shocks to trans- 
ducers which can damage the mechanical or elec- 
trical response should be carefully avoided. It is 
important to remember that steady flowing con- 
ditions should be maintained long enough for all 
instrumentation to stabilize at a specific rate. Of 
course, the system should be entirely leak free dur- 
ing the calibration run. 

A minimum of three calibration cycles (up and 
down range three times) is considered good cali- 


1. American Society of Mechanical Engineers 
2. Verein Deutscher Ingenieure (German Industrial 
Standard) 
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FIG. 1. TURBINE meter. 


FIG. 2. PROVER TANK for volumetric calibration. 


bration practice for repeatability. In addition, a 
sufficient chart run at each calibration increment 
should be provided to show steady-state conditions. 
These data will also indicate good, repeatable trans- 
ducer performance. 

Both volumetric and gravimetric methods have 
been used for flowmeter calibration in the Atlas 
Missile static test programs. The volumetric meth- 
od is used where the calibration is desired in gal- 
lons or cubic feet and no density factor is involved. 
Volumetric calibration is accomplished by com- 
paring the number of gallons read by a meter with 
the quantity of fuel required to fill a prover tank, 
known to an accuracy of 0.05% (compared against 
a National Bureau of Standards Certification). The 
tank used in this calibration was a mobile unit de- 
signed and built by Convair, which could be trans- 
ported from one site to another for in-place cali- 
bration (Fig. 2). 

The gravimetric method consists. of a precise 
weighing of a known volume of flowing media. In 
the Atlas program, this method was used at several 
Atlas test sites. The weighing was accomplished 
by an NBS-calibrated loadcell system which de- 
termined the weight (corrected by gravity and 
buoyancy effects) of a tank filled with a known 
volume of propellant. 


Problems and Special Designs 


Standard off-the-shelf flowmeters have not satis- 
fied some of the critical applications where ex- 
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INLINE 
TRANSDUCER 


FIG. 3. MASS FLOW is measured by orifice and 


temperature transducers. 


ORIFICE RUN 


FIG. 4. ELBOW flowmeter. 


tremes of flow rate, temperature and pressure and 
severe space and weight limitations were en- 
countered. Such applications include: 

1. High-pressure high-temperature helium gas 
flow at sonic velocity to rocket engine con- 
trols and tank pressurization lines. 

Gaseous oxygen boil-off from liquid oxygen 
propellant tanks. 

Measurement of flow of cryogenic liquids in 
a mixed phase condition (liquid and gas 
mixed flow). 

In such applications it was found necessary to 

develop special flowmeter designs to satisfy the 
environmental and configuration conditions. 


ORIFICE METERS 


Measurement of the flow of gaseous helium to 
maintain tank pressures during flight was required 
to optimize airborne helium weight requirements. 
A mass flow measurement was required. It was 
necessary to install the primary sensing elements 
in small stainless-steel tubing runs without flanges 
because of space and weight limitations. Special 
consideration was given to straight tubing runs up- 
stream and downstream of flow orifice to minimize 
turbulence. 

An integral sharp-edge orifice with corner taps 
was developed for this special application. The 
weight of this unit is approximately one-tenth the 
weight of a standard orifice plate installed be- 
tween gasketed flanges. Since no gasketing is re- 
quired, the possibility of leakage in high-pressure 
high-temperature systems is minimized. An in-line 
temperature transducer together with a static pres- 
sure and a differential-pressure measurement (Fig. 
3) provided a mass flow measurement. This was 
accomplished by developing a set of curves show- 
ing relationships of differential pressure, static 
pressure and temperature to mass flow rate as es- 
tablished by flow calibrations. 
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ELBOW FLOWMETERS 


One of the metering requirements in the missile 
program was to measure the mass flow of gaseous 
oxygen boiled off from a liquid oxygen surface. It 
was necessary to design a special flowmetering 
device which could be incorporated with the boil- 
off ducting configuration because of space and 
weight limitations. 

The measurement was accomplished by equip- 
ping an existing 110° radius elbow with pressure 
taps placed at selected locations determined by 
experiment. This was an approach based on the 
principle of centrifugal force exerted by a fluid 
flowing around a bend. Contrary to prior experi- 
ence with such devices, it was found by actual 
flow tests that this new metering device possessed 
a high accuracy (comparable to an orifice) with- 
out the pressure drop limitations of the orifice. 
Fig. 4 shows the elbow flowmeter, with differen- 
tial-pressure taps, static-pressure tap and tempera- 
ture tap (from which mass flow rate is derived). 


Future Developments 

There is a great need at the present time for 
portable calibration facilities for cryogenic liquids 
and gases. With the tremendous increase in the use 
of oxygen, nitrogen, helium and hydrogen in mili- 
tary and commercial applications, the need for 
measurement of these materials has grown. 

The accounting of transferred cryogenic ma- 
terials from storage to use involves flow measure- 
ment in which a mixed phase condition is en- 
countered. This is a very difficult flow measure- 
ment problem due to gas entrainment in the liquid 
and corresponding wide variations in density. An 
accurate metering function in such difficult trans- 
fer applications could be accomplished by portable 
calibration facilities involving accurate pressure, 
density, temperature and flow measurements. with 
comparisons to suitable NBS-certified standards. 
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The Versatile Purge Meter 
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able-area rotameter-type flowmeter. It obtains 
its name from the fact that an early use of 
small rotameters was in monitoring the small flow 
in the purge lines of flowmeters. But the “purge 
meter,” because of its simplicity and economy, is 
used today in tens of thousands of applications in- 
volving not only purging but also level measure- 
ment, sampling, venting, measurement of specific 
gravity, detection of leaks, etc. 

Purge meters can accomodate flows of from less FIG. 2. PURGING 
than 0.01 to more than 40 gph water, or from less flowmeter lines. 
than 0.10 to more than 110 scfh air. It is recognized 
that the larger sizes are more “flowmeter” than 
“purge meter.” 

Fig. 2 shows its use in purging flowmeter instru- 
ment lines. This application gives the purge meter 
its name. The small rotameter is used with a dif- 
ferential regulator (usually the spring-diaphragm 
type) which maintains a constant differential be- 
tween the inlet and outlet. This establishes a con- 
stant flow through the purge meter, irrespective of 
the absolute pressure in the meter lines. The small 
flow purges the line and prevents the liquid in the 
line from reaching the meter body. Water is com- 
monly used as purge media. _* + FIG. 3. LEVEL 

Fig. 3 shows use of a purge meter for measuring — ; indication. 
level. As the differential regulator always maintains | 
a constant flow rate, the static pressure in the line 
downstream of the needle valve is always equiva- 
lent to the liquid head in the tank. 

Specific gravity can be measured or controlled by 
using two dip tubes at different levels, as shown in 
Fig. 4, by using two purge meters. In this applica- 
tion, the pressure differential between the two lines 
to the measuring instrument is given by: 

Ares H(SG, —SG_) 
where H is the distance between the open ends of 
the dip tubes, SG, is the specific gravity of the 
fluid in the tank, and SG, is the specific gravity of 
the purge medium (air). Note that the AP is inde- 
pendent of the level of the tank and, if H and SG, 
are constant, depends only on specific gravity of the 
fluid in the tank: 
P = H(SG,) —(constant) 

Note that the scale is suppressed by the constant 

H(SG.), which usually is considered negligible. 


Tis PURGE METER (Fig. 1) is a small vari- 
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FIG. 1. BOUNDARY-LAYER mass flowmeter. 
,Boundary layer is heated by heater (a). Tempera- 
ture increase is sensed by transducer (c), compared 

















to initial temperature sensed at (b). d provides 
compensation. (Photo courtesy Flow Measurements 
Corporation) 


The Boundary-Layer Mass 


The mass flow of gases and liquids can be measured accurately by determining the rate 
of heat transfer through the boundary layer of the fluid. The flowmeter has a smooth 
bore and negligible pressure drop, and measuring elements do not contact the fluid. 


N many operations it is desirable to measure 

the mass flow rate and total mass flow of a 

gas or liquid. Frequently, the fluid is a slurry 
or has corrosive qualities. Often rigorous sanitary 
standards have to be met, as in dairies and other 
food processing plants. 

In recent years mass flowmeters have been de- 
veloped! using mechanical measuring elements 
inserted into the stream, which are exposed to at- 
tack and contamination by the fluid. An electro- 
thermal flowmeter of the boundary-layer type? 
uses measuring elements outside of the fluid con- 
duit and thus does not obstruct the stream. 

The transducer of this mass flowmeter consists 
of a smooth-bore metal tube (Fig. 1), which seals 
and protects the measuring elements from the 
stream. The elements include a small heater coil 
(a), two temperature-sensing elements—one of 
which is located upstream (b) and one down- 
stream from the heater (c)—and a temperature- 
compensating element (d), which often can be 
omitted. The elements (a) and (c) can be ar- 
ranged on a separate section of the conduit, which 
is heat-insulated by spacers (e) and (f) from the 
pipeline. An outer tube of heavy wall thickness 
acts as a heat shield and protects the measuring 
elements against mechanical damage. The tem- 
perature-sensing elements can be thermocouples, 
thermistors or resistance thermometers. 

Heat, produced either by inductance or resist- 
ance heating in (a), is injected into the fluid 
through the walls of the conduit and the boundary 
layer. The downstream thermometer (c) then 
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measures the resultant temperature of the outside 
surface of the boundary layer. The upstream 
thermometer (b) measures the initial temperature 
of the stream. Small temperature differentials 
across the boundary are sufficient for satisfactory 
operation. 

It can be shown that the relation between heat 
flow Q, temperature difference At and mass flow 
rate F can be approximated closely by the follow- 
ing expressions for turbulent flow (Q,) and 
laminar flow (Q,): 


Qi) = (A) (At) (Co*) (K%)(F%8/u%*) (1) 
Qir) = (B)(At)(CM)(K*) (FM) (2) 


where A and B are design parameters, C the spe- 
cific heat, K the thermal conductivity and » the 
viscosity of the fluid. Equations (1) and (2) are 
valid as long as the temperature gradient across 
the walls of the conduit is negligibly small com- 
pared with the temperature difference across the 
boundary layer. This can be assumed, ordinarily. 

The relation between heat transfer and mass 
flow rate can be employed by either the variable- 
temperature or the variable-power method for 
measuring the flow rate, F. In the variable-tem- 
perature method, the heater power is held constant 
and the temperature differential between the up- 
stream (b) and downstream (c) sensors is meas- 
ured. In the variable-power method, At is held con- 
stant as the flow rate varies and the heater power 
measured. Heater power will be proportioned to 


Qr. 








VARIABLE POWER 
HEATER 
COIL 
2.2 2 | one TED we | 2.2 2 
IE BE AE EAS TE EE EE ET, 





+——— FLOW 





> ih Micali tel 

a “UPSTREAM 
JOHN H. LAUB REE | Tr J | (fe raeMre 
Jet Propulsion Laboratory ww mmees 











ELECTRONIC 
CONTROLLER 





VARIABLE 
TIME DELAY 


F lowmeter ; CHASE a warOR 


AMPLIFIER 


























FIG. 2. VARIABLE-POWER (wattage) method. 


Variable-Power Constant-Temperature Method 


If the variable-power mode of operation is used, 
At is held constant by a self-balancing bridge and 
servo loop (Fig. 2). The flow rate then is read 
on a wattmeter (W), and the total flow on a watt- 
hourmeter (WH) in the heater circuit—after linear- 
ization of the output. The power signal also can 
be converted into a voltage signal by a thermal 
converter. The bridge is in balance as long as the 
flow rate remains constant. If a change occurs, 
the bridge becomes unbalanced and the error signal 
is detected and amplified in amplifier (A). The 
phase of the signal depends on whether the flow aig Powter ae 
rate (F) increased or decreased; it is discrimi- relies : Le 
nated in (D). As the time lag of the transducer j 
varies with the rate of flow, a time-delay network 
(RC) is inserted, whose time constant automatical- on 
ly varies with the flow rate to match the transducer 
lag. Bridge balance is restored by a power con- 
trol unit (CT), which may use transistors, thy- 
ratrons, magnetic amplifiers, motor-driven power 
regulators, etc. 

Fig. 3 shows the “unlinearized” calibration curve 
of a 1” ID flowmeter with water, operated in the 
variable-power mode. The measured values cor- 
relate well with the expressions (1) and (2) if the 
downstream thermometer is located close to the 
heater. 








2000 3000 4000 5000 


Variabie-Temperature Constant-Power Method 


If the flowmeter is operated by the alternate FIG. 4. CONSTANT- 
method of maintaining power constant, the output POWER calibration curve 
of the bridge is a millivolt signal proportional to for a 34" flowmeter. 

At. The signal decreases with increasing flow rate 

(F) in accordance with expressions (1) and (2). 

Fig. 4 shows measurements of a mixture of kero- 

sene and tributyl-phosphate in laminar flow. Note 

that the signal decreases as flow increases. LBS/nR 
It is easy to obtain a signal which rises with in- 100 
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FIG. 5. CONSTANT-POWER arrangement that 
provides increasing meter indication with increasing 
flow. 





creasing flow rate. In Fig. 5 the output voltage of 
the bridge is opposed by a constant voltage, and 
the difference between the two voltages is indi- 
cated on a millivolt meter. The same result can be 
obtained by balancing the bridge at the minimum 
flow rate to be measured and omitting the “buck- 
ing” voltage. Measurements obtained by this meth- 
od are plotted in Fig. 6, which shows excellent 
resolution at low flow rates. 


Linearizing 


A linear readout can be obtained within a sub- 
stantial range by various means. One method is 
to use a meter with a logarithmic movement, or a 
logarithmic potentiometer. Fig. 7 shows that a 
straight line is obtained if the logarithm of the out- 
put signal is plotted versus the flow rate. A loga- 
rithmic meter or a self-balancing logarithmic po- 
tentiometer will thus indicate and record mass 
flaw on a linear scale. 

Linearization of the output signal also can be 
accomplished by other conventional methods, such 
as function generators or cam-linked potentiom- 
eters. After linearization, the signal can be in- 
tegrated to obtain total flow. As the flowmeter pro- 
duces an electrical signal, it can be readily in- 
corporated into systems for logging, digitizing, re- 
cording or automatic control. 


Applications 


The boundary-layer method permits the meas- 
urement of flow rates over large ranges with only 
one transducer and by switching in the heater 
and sensing circuits. The circuit also can be 
switched readily from the constant-power to the 
variable-power mode of operation. Flowmeters 
covering a total range of 1200 to 1 have been 
built. 

In applications where the initial temperature of 
the fluid varies considerably, automatic tempera- 
ture compensation by means of a temperature- 
sensitive element (d in Fig. 1) is effective. The 
temperature-sensitive element may consist of a 
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FIG. 6. CALIBRATION for laminar flow in 3" 


flowmeter. 





60 80 


FIG. 7. LOG PLOT of output signal using constant- 
power method for laminar flow. 








100 LBS/HOUR 


small coil of nickel wire. In the variable-power 
method this is inserted into a fixed resistance arm 
of the bridge to keep it in balance during changes 
in initial temperature. If the flowmeter is oper- 
ated in the constant-power mode, the voltage 
across the temperature-sensitive element is added 
to the output signal of the bridge. 

The boundary layer is thin, and the power re- 
quired to raise its temperature a few degrees is 
small; approximately 1 watt is used per 1000 
pounds/hour flow. The response time is fast; it 
varies between fractions of a second and several 
seconds, depending on the rate of flow and the 
thickness of the wall. 

The effect of changes in the composition of the 
stream—with attendant variations of the significant 
parameters of the fluid (viscosity, specific heat 
and thermal conductivity )-—have been calculated 
for various fluids. The error generally is small, ex- 
cept where the composition changes substantially 
and the effect of the fluid parameters is cumulative. 
In such cases automatic compensation can be ac- 
complished by monitoring the composition. 
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The pitot tube in this flow detector is simply a hole in a cylinder (tubing) which spans the pipe. This 
piezometer hole looks upstream to sense impact pressure. The pipe contains wall (piezometer) holes 
for static pressure. The only important source of error results from the blocking effect of the 
small transverse cylinder on the wall piezometers. For normal turbulent flow, the pitot coef- 
ficient is given by a simple equation involving the ratio of the cylinder-to-pipe diameters. 


Coefficient of a Pitot-Tube Flow Detector 


J. M. ROBERTSON and F. E. SHUSTER 


WALL 
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FIG. 1. TRANSVERSE cylinder has hole to detect im- 
pact pressure (impact piezometer). Wall holes (static 
piezometers) detect static pressure. 
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PITOT TUBE for detecting flow can be 

made simply by spanning a pipe with a 

small tube containing one piezometer hole 
for measuring the impact (stagnation) pressure. 
The tube is installed normal to the flow and usual- 
ly extends through packing glands in both pipe 
walls. The packing glands also permit sliding the 
tube so that the impact hole traverses the pipe to 
measure the velocity distribution across the pipe. 
Such pitot tubes have been used by several re- 
searchers.1:? 

Static pressure is measured best with several 
wall piezometers (holes) located about the pipe 
circumference in a plane tangent to the front of 
the cylinder—i.e., in the plane of the piezometer 
hole used to measure the stagnation pressure (Fig. 
1). This location avoids errors that would result 
from the longitudinal pressure gradient along the 
pipe. The results presented here are for this recom- 
mended location; no study was made of the signifi- 
cance of position along the pipe in affecting the 
calibration (although it may be considerable). 

In using such a transverse pitot tube, the im- 
pact piezometer must point “into the velocity” and 
not at some angle to the pipe axis. Fortunately 
this orientation is not critical, and can be achieved 
easily with the aid of a line inscribed along the 
cylindrical tube so that its angular orientation can 
be observed on the portion of the tube that ex- 
tends outside the pipe. 

This simple construction was used by Hiram F. 
Mills in the 1870's. Velocity of flow can be meas- 
ured accurately as long as there are not large trans- 
verse pressure variations. 

In an experimental research program at Penn 
State University* on the flow in nozzles, straight 
pipe, and diffusers, the transverse cylindrical pitot 
tube was adopted as the principal means of velocity 
measurement because of its simplicity and ease of 
insertion. The velocity distribution in 6” to 12”- 


ven 


diameter sections was measured with a %”’-diam- 
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STIFFENER 


FIG. 2. HYPODERMIC pitot tube in 6" pipe section. 


eter tube, with the static piezometers drilled in the 
wall of the conduit. These wall piezometers were 
located about the pipewall, in a plane normal to 
the conduit axis at the leading edge of the cyl- 
indrical tube, and at angles of 30 or more degrees 
from the axis of the tube (see Fig. 1). 

During the course of the experiments it was 
noted that the integrated discharges obtained were 
significantly higher than those given by a cali- 
brated weir. This cast doubt on the reliability of 
this pitot tube, and a special investigation was made 
on the possible source of error. 


Error Analysis 


Error in flow measurement can arise from either 
the impact- or static-pressure piezometers. In most 
pitot tubes the impact hole pressures are subject 
to error due only to the turbulence in the fluid 
stream.* In the transverse pitot tube it is possible 
that in a region of steep velocity gradient (such 
as near a wall), a transverse flow can develop along 
the front of the cylinder, thus introducing addi- 
tional error in the impact pressure. 

With properly-constructed wall piezometers the 
only possible error in the static pressure would 
result from the blocking effect of the transverse 
rod, which tends to cause the velocity past the wall 
piezometers to be higher and the pressure lower 
than would result if the tube were not present. 
Investigation of the errors of the transverse cylin- 
drical pitot indicated which of these two possible 
sources of error is the major one, and resulted in 
quantitative information on the magnitude of the 
correction that must be made to obtain the true 
velocities, as follows: 


Experiments and Analysis 
A special hypodermic-type pitot (Fig. 2) was 
built into a 6” pipe section to measure the errors 
introduced by the transverse pitot tube. This hy- 
podermic (18-gage 0.029”-OD tube) projects up- 
stream of the oval transverse support rod. The open 


*The coefficient of a needle-type pitot tube is unity 
except for turbulence effects and lateral velocity gradi- 
ents. Thus the coefficient of a pitot tube corrects pri- 
marily for the errors in the indications of the static 
(or ambient) piezometers, as this work illustrates. 
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impart hole of the hypodermic and the wall 
piezometers are far enough away from (about 0.9” 
upstream of) the support rod to be out of its in- 
fluence region and thus unaffected by the trans- 
verse tube. The support rod was slid so that the 
hypodermic pitot traversed the pipe. 

Readings with the hypodermic were compared 
with those taken while traversing with the cylin- 
drical tube at the same cross section and rates 
of flow. It was found that the indicated velocities 
in the center of the pipe were higher with the cy- 
lindrical tube than with the hypodermic unit. As 
the velocity gradient was zero in the central region, 
this discrepancy could result only from errors in the 
indications of the wall piezometers. 

The errors in the wall piezometers due to the %” 
cylindrical transverse tube then were determined 
in flow sections of 6.06”, 6.64” and 10.21” diameter. 
This was done by measuring the pressure drop 
between an upstream reference piezometer and the 
piezometers in the plane of the leading edge of 
the pitot. Then the same pressure drop was meas- 
ured without the transverse tube in place. The 
difference (Ap) is due only to the transverse tube. 

These errors in the wall piezometer indication 
are given in Table 1, in terms of 2Ap(pV*,,) where 
Ap is the pressure error, p the fluid density, and 
V.y the average velocity in the cross section. This 
expression, rather than Ap alone, is used because 
it is a convenient dimensionless form and includes 
p and V,,. As would be expected for a blocking 
effect, the errors decrease with increase in conduit 
size for the fixed size of the cylindrical tube. 

The manner in which static pressure indicated 
by a wall piezometer is influenced by the proxim- 
ity of a transverse rod has been studied by C. W. 
Hubbard‘. Hubbard measured the change in pres- 
sure induced at a wall piezometer by an adjust- 
able dummy rod reaching from the wall to the cen- 
ter of the pipe. His results indicate that the error 
depends greatly on the relative position of the 
piezometer and rod. The average velocity-correc- 
tion factor given by Hubbard for wall piezometers 
used with a cylindrical transverse pitot is about 
0.45 multiplied by the ratio of projected area of 
the tube (tube diameter d times pipe diameter D) 
to the cross-sectional area (zD?/4). This gives 
the velocity error (AV) in terms of the average 
velocity (V,,): 

AV = V,,(0.45) (dD) /(#D?/4) (1) 

This small error in velocity produces the error 
in the pressure indicated by the wall piezometers. 
This pressure error can be found by applying 
Bernoulli's Theorem, written in the familiar form: 


(p/w) + (V?/2g) = constant (2) 
where p is the pressure in the fluid and w is its 
specific weight. Any pressure error Ap can be 
found from equation (2) as follows: 

Ap/w = (Pay/w) — (p/w) = (3) 
(V?/2g) — (V?ar/2g) 

where p,y = true average pressure and p is the 

indicated pressure (average of the wall piezom- 

eters in this case). The velocity V also can be ex- 








Table 1—Wall Piezometer Error* due to 
V4" Cylindrical Pilot 





Section 
Diameter Error Error 
(Inches) (Measured) (Computed) 





6.06 J 0.047 
6.64 . 0.043 
10.21 F 0.028 





*Error = A p/(pV*av/2), where Ap is pressure error, p is fluid 
density and Vi, is average velocity in cross-section of pipe. 


pressed as V,, + AV so that the pressure error 
(equation 3) appears as: 


Ap/w = (Vay + AV)?/2g — (V*av/2g) 
= [Vay + 2(AV)Vay + (AV)?] /2g — [V?av/2g] 
(4) 


If (AV)? is insignificant compared to the term 
2(AV) Vay, equation 4 becomes: 
Ap/w = 24V (Vse/2g) (5) 


Substituting (1) into (5) gives: 


Ap/w = 2 [(0.45)(d)(D) Var/(# D?/4)]( Var/2g) 
= 1.145 (d/D) (V*y/2g) 


Since w/g = p, the density: 


2ap/pV2ay = 1.145 d/D 
(6) 
Ap/pV2ay = 0.572d/D 


This is a convenient expression for the pressure 
error Ap because it is a dimensionless term and in- 
volves p and the average velocity. 

The piezometer errors computed from equation 
(6) are compared with those measured, in Table 1. 
The agreement is good, except for the 10” diameter 
section, where the values of Ap/w were quite small 
and could not be measured accurately. 

Correcting the wall piezometer readings accord- 
ing to equation (6), the velocities measured in the 
6” pipe with the cylindrical pitot and the hypoder- 
mic-type pitot are shown in Fig. 3. The agreement 
is seen to be close, even near the wall where the 
velocity gradient is steep. 

Agreement between the cylindrical and another 
hypodermic-type pitot in an 8.26”-diameter section 
where the boundary layer was much thicker also 
was good. Thus the cylindrical transverse pitot- 
tube readings appear to be independent of the 
transverse velocity gradient, and the only correction 
necessary is due to the interference effect of the 
tube on the wall piezometers. 


Conclusion 


The results of the study permit one to predict 
the coefficient of the transverse pitot as a function 
only of the ratio of pitot diameter to pipe section 
diameter. From equation (6) the pitot coefficient 
is: 


C= V/V, =1-- (0572)(d/D)(Var/V;) (7) 





°-CYLINDRICAL PITOT 
x- HYPODERMIC PITOT 











l 


VELOCITY IN TERMS OF AVERAGE VELOCITY Vy, 
av 


DISTANCE FROM WALL- INCHES 


FIG. 3. COMPARISON of velocities obtained in 6" 
pipe with cylindrical and hypodermic pitot tubes. 


where V, is the velocity one would compute from 
the difference between the impact and static pres- 
sures for a unity pitot-coefficient. The coefficient 
is thus a function of the ratio of the apparent ve- 
locity to the average velocity in the cross-section. 
Usually the average velocity is not known and the 
coefficient must be determined by successive ap- 
proximations, the first approximation being that 
for V,,/V; of unity, for which: 

C = 1 — 0.57(d/D) (8) 

Using this value of C, the velocity distribution 
and an approximate value of V,, is obtained for 
insertion into equation (7) 

If the correction is small, the second approxi- 
mation is adequate. If the velocity distribution has 
not been disturbed by the proximity of expansion 
valves, bends, etc., and the flow is turbulent, the 
first approximation may suffice. For example, a 4” 
pitot in a 6” pipe has an average C of 0.976. If ac- 
count is taken of the velocity distribution (with 
1/7th-power-law turbulent-velocity profile) the 
pitot coefficient is 0.5% less near the wall (0.05 D 
from the wall) and 0.5% greater at the center of the 
pipe. Thus the variation in C with transverse loca- 
tion is small, in the usual case. For most turbulent- 
flow applications equation (8) can be used to ob- 
tain the coefficient of a transverse cylindrical pitot 
tube. If an abnormal velocity distribution exists, 
equation (7) must be used for accurate work. 
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CAPILLARY FLOWMETERING 


Where flow is viscous (Reynolds number less than 2000), head loss 
is directly proportional to flow rate. Here is how to make sure that 
the proper capillary size is used for viscous-flow rate measurement. 


LLOYD M. POLENTZ, P. E. 
Whittier, California 


Nomenclature, Terminology, Equations 


head loss in feet of fluid, feet 

Length of tube, feet 

Velocity of fluid, ft/sec 

Acceleration of gravity, ft/sec? 

Internal diameter of tube, ft 

Absolute viscosity of fluid, Ib-sec/ft (poises/478) 
Mass density, slugs/f¥* or lb-sec*/ft* 
Friction factor, dimensionless 

Reynold's number, dimensionless 

specific weight, lb/ft? = pg 

Volumetric flow rate, ft/sec, (V x A) 
Area, t® 

sonic velocity, ft/sec 

Mach number, dimensionless 

ratio of specific heats, cy/cy, dimensionless 
Gas constant, 1544/molecular weight 
Temperature, °R (°F + 459) 

Pressure, lb/ft? 


wo 


he 
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Darcy equation: h, = fLV°/2gD. General equation relating 
pressure drop to fluid ve- 
locity. Units are ft-lb-sec. 


Reynolds number RN = pVD/u = 4pQ/nDu 


Poiseuille-Hagen relation: h. == 32 uLV/gpD*. Shows that 
head loss is proportional 
to velocity; units are ft- 
Ib-sec 


(6) Poiseuille-Hagen relation: @ = D*A (Ap)/32uL. Relates O 
and head loss. Units are 
Wax 6 ft-lb-sec 
¢ = Vkg RT, equation for velocity of sound in a gas. 
Viscous (laminar, streamline) flow. Fluid moves by sliding of 
laminations of adjacent layers. Particles move in definite paths 
or streamlines. Characteristic where viscosity plays a significant 
part. Flow is usually viscous at Reynolds number less than 2000. 
Turbulent flow is irregular, with no observable pattern; usually 
occurs at Reynolds number above 4000. 
Disturbed flow is when large eddies, swirls and irregular move- 
ments of large bodies of fluid can be traced to sources of 
disturbance. This does not constitute turbulence. 


> Ww 
— 
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~ MALL fluid (gas or liquid) flow rates can be 
measured by a direct-reading flowmeter 
based on the Poiseuille-Hagen principle of viscous 
drag through small-diameter tubes at low Reynolds 
Numbers. Such a meter can be constructed from a 
short length of commercially-available tubing sized 
so that the flow will be well within the viscous 
region. The head loss then will be directly propor- 
tional to the rate of flow and thus the rate of flow 
can be read directly on a manometer which meas- 
ures the loss of head through the tube. 


Theory 

Reynolds developed the general relationship 
covering both viscous and turbulent flow. The more 
general equation covering pressure drop due to 
fluid friction is the Darcy equation: 

h, = fLV?/2gD (1) 
where (f) is the friction factor, a function of the 
Reynolds Number (RN): 

RN = pVD/p (2) 

As area A = 7D?/4 and Q = VA, 

RN = 4pQ/rDp (2) 

Reynolds found that viscous flow took place at 
RN < 2000, and that in that range the friction 
factor 

f — 64/RN (3) 

Substituting (2) and (3) in the Darcy head-loss 

equation (1) gives: 

hy, = 32 pLV/gpD? (4) 
which is the Poiseuille-Hagen relationship for vis- 
cous flow. 

The important point is to make certain that flow 
is within the viscous range in order that the velocity 
is directly proportional to pressure drop. 

Since gas flow is usually expressed in ft®, we can 
express equation (4) thus: 

V = gph, D?/32 pL 
UO= VAs gehy D?A/32 pL (5) 


But gp = w l|b/ft®, and goh = <e x h ft 


= wh lb/ft? = Ap 





where Ap is the pressure drop in Ib/ft?. Hence (4) 
becomes: 

Q = D?A(Ap)/32 »L (6) 
where Q is ft®/sec and A is the cross-sectional area 
of the tube in ft?. Equation 4 or 6 can be used to 
design a viscous-flow metering system. 


Sample Problem 
Assume it is desired to measure the rate of flow 
of air (about one cubic foot per hour) at 70°F at 
sea level. To ensure being well within the viscous 
range, take RN = 800 for a first approximation: 
War = P/RT 


_ (147) (144) _ 9.0750 Ib/fts 


(53.3) (530) 
p = 0.075/g = 2.33 x 10- Ib-sec/ft* 


Q = 1 ft®/hr = 1/3600 ft?/sec 
= 2.775 x 10-* ft®/sec 


= 3.76 x 10-7 Ib-sec/ft? 
Using equation (2) to solve for D; with RN = 


4:x% 2:33 x:10-* x 3.775 x10 
D aie 





800 x 3.76 x 10-7 
— 0.00274’, or 0.0329” 


This is the tubing required to give a RN of 800 
at a flow of 1 cubic foot/hr. 

The closest commercially available stainless-steel 
tubing has an I.D. of 0.033” (D = 0.00275’). Let 
us now find the head loss using this available tub- 
ing. Using equation 2 (or equation 5): 


n - ( &4\ (E27) _ 64 Lv 
“ \RN/\2ep] 800. 2g x .00275 


We find V from equation V = Q/A, A = 2D?/4, 
V = 4Q/sD? 


V = 4 (2.775) (10-4)/m (0.00275)? 
= 46.6 ft/sec (7) 


Substituting (7) in (2), using RN = 800, gives: 

hy, = 980L (8) 

giving a pressure drop of 980’ air per foot of tube. 

This is equivalent to 1.18’ or 14” of water per foot 

of tube length, for 1 cu ft/hr air flow (980 x 
0.075/62.4 = 1.18). 

This means that if a tube of 0.33” inside diameter 
is selected for the flowmeter, a water manometer 
with taps set 1’ apart on the tube will show a dif- 
ferential pressure of over 14” for a flow rate of 
1 cubic foot per hour of air at 70°F at sea level. 

Ordinarily it is desirable to place the pressure 
taps on the circumference of the tube (Fig. 1). Con- 
struction is simplified if the upstream tap is placed 
on the upstream tank, and the other exposed to 
the atmosphere or to the discharge pressure if the 
gas is discharged in a container. A slight error 
will result, but should be inconsequential. The 
entrance loss will not exceed 0.5 velocity® heads 


*Velocity head = V’/2g 


PRESSURE TAPS 
TO MANOMETER 














FIG. 1. MANOMETER taps on capillary tube. 


and the exit loss will equal one velocity head. Com- 
bining these gives 1.5 velocity heads. These losses 
would equal: 

15 x V?/2g = 1.5 x 46.67/64.4 = 50.6’ (9) 

This amounts to an error of 50.6/980 = 5.16% 
at the maximum flow rate of 1 ft®/hr, which might 
or might not prove objectionable. 

Another possible source of error lies in consider- 
ing the flow of the air as incompressible. The 
magnitude of this error is approximately V*/4c? 
or M?/4, where c is the sonic velocity and M is 
the Mach Number. 

c = VkgRT = Y 1.4g(53.3) (530) 
=< Tie ft/ sec 


V2/4c2 = %4(46.6/1130)? = 4.25 x 10-* (or 0.04% 
error due to ignoring the compressibility of the air). 





Example 2 


It might be desirable to select the diameter of 
the tube to show a particular pressure drop at a 
specific flow rate. This also can be done. Suppose 
it is desired to use a draft gage with a maximum 
pressure differential of 2” water to measure the 
flow rate Qnax = 1 ft®/hr, with pressure and tem- 
perature conditions the same as before. 

2” water = (2/12) (62.4/.075) = 139’ air 


9 f 

From (4), hy = 32uL, ay 

gpD? aD? 

Substituting » = 3.76 x 10-7, Q = 2.775 x 10-4, 
w= gp = 2.33 x 10-3, h = 139. 

D*/L = 408 x 10-7? ft 

For L = 1’, D = 0.0045’ = 0.054”. 

Tubing of 0.054” ID is available commercially. 

In this case it is necessary to check the Reynold’s 
Number to be sure that the flow is completely 
viscous: 

RN = 4Q/xDp = 487 

This is well within the viscous range. 

As pressure drop is proportional to velocity, the 
manometer or draft gage can be graduated directly 
in units of flow instead of units of pressure and a 
direct-reading flowmeter will result. 

In this latter example the errors can be calcu- 
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FIG. 2. CAPILLARY between pressurized source 


and open tank. 


lated as before, but they will be appreciably less 
because the velocity is lower. 


Minimum Flow 


It is of interest to note the minimum rate of gas 
flow which can be detected accurately with such a 
flowmeter. Let us consider hydrogen, the lightest 
of all gases, and the one producing very low head. 
For Hy, at 70° (529°R), the » is 88.9 x 10-® poises 
and p = w/g = 0.00518 /32.2. 

The minimum diameter of tubing readily obtain- 
able commercially is 0.004” ID in stainless steel. 
Assuming a 3’ length of 0.004” tubing and using 
equation (4): 

hy, = 31,000V (11) 
or the head loss will equal 31,000’ of hydrogen per 
ft/sec velocity through the tubing. 

RN for hydrogen is: RN = pDV/y» = 0.288V 

Or, RN = 0.288 times the velocity (in ft/sec) for 
hydrogen flowing through a 0.004” ID tube at 70°F. 

If RN is to be kept below 2000, as RN = 0.288V, 
then any velocity below 2000/0.288, or 6950 ft/sec, 
will ensure viscous flow through the tube. 

If a 2” water draft gage is selected to measure the 
pressure drop, the max hy, required will equal 
(2/12) (62.4/0.00518) = 2010’ of hydrogen, or 
about 1/6 of 12,050’ (the theoretical height of un- 
compressed hydrogen which gives a pressure equal 
to the pressure of 1’ of water). 

Since hy, = 31,000V, V = 2010/31,000 for a head 
loss of 2010’ of hydrogen, or 0.0648 ft/sec, giving 
a quantity flow Q: 

Q = VA = (.0648) (2/4) (.004/12)? 
= 5.66x 10-® ft®/sec = 0.0350 in*/hr 

This illustrates that the lower limit of measurable 
flow of such a flowmeter is close to zero. The full- 
scale-reading flow would be 0.0350 in*/hr; or 
0.000175 in*/hr minimum reading (from 0.035/200, 
assuming a 1-part-in-200 readability ). 


Calibration 
One important point: the diameter of the tubing 
obtained for use in constructing a flowmeter never 
will be exactly the dimension assumed for the cal- 
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FIG. 3. CALIBRATION of liquid flow by weight 


or volume. 


culations. In addition, the inside diameter will 
probably vary slightly along the length of the tube. 
This means that each flowmeter must be calibrated 
individually before use. This can be done by using 
a liquid as the calibrating medium. The flowmeter 
calculated previously for use with air (which was to 
show a pressure differential of 2” of water for a 
flow rate of 1 cubic foot per hour) will be used 
as an example. The tubing diameter selected was 
0.054”. The actual ID will be either a little larger 
or a little smaller and, as pressure drop for a con- 
stant quantity flow rate is inversely proportional to 
the fourth power of the diameter, the amount of 
this variation must be known. Selecting water as 
the calibrating medium, we first determine the flow 
rate as a function of diameter to calibrate the flow- 
meter. 

» for water at 68°F = 2.10 x 10-5 Ib-sec/ft? 

hy, = 32 pLV/gpD? 
= 40.8 »LQ/wD* 

Taking L = 1’; Q = 1 ft®/sec, D = .054/12, 
w = 62.4 lb/ft®, gives h, = 33,400’ of water drop 
per ft*/sec flow. 

For a pressure drop of 100 psi this would give a 
flow equal to (231) (449)/33,400 = 3.11 gal/min. 
(where 231’ of water pressure is equivalent to 100 
psi and 1 ft?/sec equals 449 gpm). One form of test 
apparatus is shown in Fig. 3. 

Rearranging the flow formula gives: 

D‘ = 40.8 pzLQ/wh, 

Calibration of the meter, or determination of the 
effective tube diameter, then could be achieved by 
supplying water at a constant pressure of 100 psi 
and measuring the flow through the tubing in 
gallons per min. 

D effective = 0.054 \/Q/3.11 inches 


The volume of fluid used during the calibration 
of the capillary flowmeter is small. The reservoir 
tank can be pressurized at the start of the test and 
the air supply line then closed. If the volume 
of the air space above the fluid is maintained at 
over 200 times the volume collected in the beaker 
during the calibration test, the error due to the re- 
duction in pressure during the constant-tempera- 
ture expansion would be only %4%. 
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ital voltmeter design that eliminates stepping switches and, with them, the need 
for periodic maintenance. The new Cubic V-70 uses the same ultra-reliable reed 
relays developed for submarine cables. These reed relays are sealed in glass and 
have practically unlimited life. They are noiseless and. completely unaffected by 
operating position. 

Accurate: The V-70 reads any d-c voltage from 0.001 to 999.9 volts with an 
absolute accuracy of 0.01% plus or minus 1 digit. The Cubic V-70 Digital Volt- 
meter provides these and other premium features at a cost of only $1,580. 
For details, write to Dept. IC-103, Industrial Division, Cubic Corporation, San 
Diego 11, Calif. (in Europe: Cubic Europa S.p.A., Via Archimede 185, Rome). 


Cubic manufactures a complete line ee ° 

of quality digital instruments, : Cul bic 
including a-c and d-c voltmeters, CORPORATION 
—— — scanners immuarTRIAL Bivliaton 
and printer controts. SAN DIEGO, CALIF., U.S.A. ROME, ITALY 
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Measuring Quiescent Air Leak 


JOHN E. FLIPPIN, Steubenville, Ohio 


the model stage, an engineer is usually as- 
signed the task of writing up its specifica- 
tions, which includes quiescent air leak—the 
amount of air the instrument uses when dormant. 
This can be hard to determine for several reasons. 
First, the usual method of measuring the air leak, 
or any flow, is by a flowmeter. However, most 
flowmeters will not respond accurately to the small 
flows resulting from the quiescent leak. About the 
only method left is to terminate the leak in water 
and capture it in a graduate. This is fine if you 
can isolate the leak, but too often you will find 
the source is general; it may come from more than 
one source or be terminated in an unreachable 
spot. You could submerge the entire instrument; 
but many instruments are either too large, perma- 
nently fixed to mountings, or contain precision 
parts that would be damaged by being submerged. 
All of these problems can be circumvented by 
using a “simulated flow method.” This SFM uses 
a pressure differential across a manometer as an 
indication of flow to the instrument under test. 
The pressure differential reading is recorded and 
used to establish an identical rate of flow, which 
is captured and measured as a function of time. 
The test circuit is shown in Fig. 1. While hook- 
ing up, be sure that valve A is wide open and 
valves BCDEF are tightly closed. This will prevent 


Wir: a pneumatic instrument has reached 
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an accidental pressure differential across the 
manometer. If you forget this, you might blow the 
manometer and end up having an instrument full 
of water or, even worse, mercury! Also make sure 
that you connect both ends of the manometer into 
the line. If you leave an end open to atmosphere 
you can end up with mercury all over the floor. 

If you suspect that the quiescent leak is small, 
use a water manometer. If it looks as though you 
might have a flow over 3 cfm or so, use a mercury 
manometer; but you're getting into flowmeter 
range now. If in doubt, use the tallest column you 
have and work down to a smaller one, if you wish, 
but choose the indicating fluid that will give the 
best results. 


Procedure 


As valve A is already open, start out by open- 
ing valve B all the way; then slowly open valve C, 
making sure that the column doesn’t begin to rise. 
If it does, something is wrong; go back and make 
sure that valves D and E are closed. If everything 
is ok, finish opening valve C and wait for the in- 
strument to settle down. If the instrument is a 
positioner or a controller, it will finally come to 
rest and the only flow to it will be due to the 
quiescent leak. Check the pressure gauge to see that 
supply pressure is up to specifications. If it isn’t, 
adjust the pressure regulator until it is. 





Now open valves D and E—slowly and simul- 
taneously, if possible. If the manometer fluid be- 
gins to rise quickly, you're in trouble; but usually 
it will just slowly bounce around and settle down 
after D and E are opened. Make sure now that no 
one is fumbling around with the instrument under 
test. Should it once leave the quiescent stage, even 
momentarily, the manometer will blow; unless you 
have an enormous valve at A, but don’t depend 
on this. Most instruments will require a large surge 
of flow while in the transient state. 

With the setup as you now have it, the manom- 
eter should be reading zero—that is, there should 
be no pressure differential across valve A. Begin— 
slowly again—to close valve A. If the slightest mo- 
tion on valve A causes the manometer fluid to 
shoot up, open valve A immediately. This indicates 
valve A is not of sufficient capacity to get a good 
reading. In this case, replace valve A with a larger 
valve. You want to throttle valve A so that you 
get a measurable pressure drop across it. If you get 
a good reading (well up on the manometer) after 
valve A has been reduced to only a turn or so from 
closed, fine; you're almost ready to start testing. 
If this doesn’t do the trick, you’re manometer is 
probably too sensitive. In this case, switch to a 
heavier fluid—mercury, if you're using water. 

When you get a sufficient height in the manom- 
eter, mark down the pressure indication. Now, slow- 
ly shut off valve B and leave it off for the re- 
mainder of the test. The manometer will be read- 
ing zero. Open valve F until you get the same read- 
ing on the manometer that you had previously. 
This indicates the flow through valve F is identical 
to the quiescent leak of the instrument. 

Put the hose (connected to valve F) in the water 
container. If it bubbles violently, you will need a 
large graduate; if it bubbles gently, a small one. 
Submerge the graduate in the water container to 
fill it. Invert it and withdraw it above the surface 
of the water until the last graduation (largest cali- 
brated volume) is in line with the surface. 

Unless you are ambidextrous and three handed, 
the next step will require an assistant (or a timer 
with a foot switch). Have the assistant stand ready; 
When you insert the hose in the graduate, have 
him turn on the timer simultaneously. Allow the 
leak to pump out the graduate until the level in- 


« 


side reaches the last graduation (just in line with 
the surface of the water). Signal the assistant to 
shut off the timer, and then close valve C. 

This will give you the data for determining the 
instrument leak in CFM. Say, for example, that it 
took 60 seconds to pump out 1000 ml of water. 
Then: 


1000 ml/60 sec = 1 liter/minute = 0.0353 cu ft/min 


The accuracy of your reading will depend, to 
some extent, on the amount of flow. If the flow is 
too fast, you will not be able to anticipate the 
graduate reading accurately and will not be able 
to signal your assistant at exactly the correct time. 

Don’t let all of the cautions scare you off. A few 
tries and you will get accustomed to your setup and 
know what to expect. If you anticipate a great 
deal of this type of thing, it might pay you to make 
a permanent setup. For instance, you could use 
the manometer reading to indicate flowrate. To 
do this, make a graph of “flow captured in the 
graduate” vs “manometer reading” as the position 
of valve F is varied. Then calculate flow in cfm 
to transpose the curve to represent flow vs manom- 
eter reading. With this setup you could simply 
hook in the instrument under test and read the 
manometer. But don’t forget; your readings will 
be meaningless unless you lock valve A so that it 
retains the position used when making the graph. 


Equipment list: 
. A pressure regulator to control the pressure supplied to 


the instrument being tested. 

. A water or mercury manometer. 

. Hoses or tubing of sufficiently large diameter to be of little 
influence on the instrumentation; particularly the section 


containing valve A. 4 
. Valve A across the manometer should be just large enough 
to give control of the differential; '/2" size is adequate for 


most tests. i 
. Six, good, tight-closing valves of capacity large enough not 


to interfere with the test. 
. A pressure gauge to measure input pressure to the instru- 

ment. 

7. A graduate; 1000 ml is usually adequate. 

8. A large water container in which to submerge the graduate. 

9. A flexible hose or a section of bent tubing to place in the 
container. 

10. An air source. 

11. A timer graduated in seconds. 





Correction 


In our November article “Tape Systems,” the 
Missile Impact Prediction System at Vandenberg 
Air Force Base was described. However, the X-Y 
recorder shown in the illustration on page 1911 was 
erroneously identified as a product of Electronic As- 
sociates, Inc., of Long Branch, New Jersey. The re- 
corder is actually the Model 3010 of another manu- 
facturer of X-Y recorders—Milgo Electronic Corp., 
Miami 47, Fla. 


SEGeeeee 
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Process Control Systems 


FRED D. MARTON, Instruments Publishing Company 


FRACTIONATING COLUMN INSTRUMENTATION BY ELECTRONIC SYSTEM 


A narrow-cut fractionating column (or bubble 
tower) is distinguished by a large number of trays, 
affording a means of separating hydrocarbon com- 
pounds with differences in boiling point of as little as 
15°F. Being essentially a heat exchanger, it is subject 
to inherent thermal lags, more so than a conventional 
fractionating column. The rate at which such columns 
come to equilibrium after a load change or a dis- 
turbance is extremely slow. 

There are eight independent variables, seven of 
which should be controlled, leaving the eighth (com- 
position in feed stock) uncontrolled. 

The seven are: 
1. Rate of feed to the tower. 
. Temperature of feed. 
3. Tower temperature. 
. Tower pressure. 

5. Rate of reflux. 

. Rate of product outflow from tower (overhead). 

7. Rate of bottoms flow from tower. 

The system shown uses electrical controller elements, 


but is only one method of control that gives satisfactory ; 


service. Other combinations and methods may be more 
satisfactory for other conditions. 

Rate of feed is the first variable which needs control. 
Stable control requires absolutely constant rate of 
charge in the tower. Controller FRC-1 measures the 
flow in the feed line through differential-pressure trans- 
mitter APX-1 and controls the movements of a double- 
seated valve via a current/pneumatic converter I/P-1 
before the feed reaches the column. 

Temperature of feed, the second variable in the 
system, is controlled by steam to the heater. In this 
cascade system, temperature recorder-controller TRC-1 
senses the temperature in the line from the heater to 
the tower by a_ millivolt-to-current transmitter 
(MV/I-1) which produces a 4-to-20-ma signal. This 
sets the control point of the steam-flow recorder con- 
troller FRC-2, which controls a single-seated control 
valve in the steam line to the heater through current- 
pneumatic converter 1/P-2. FRC-2 receives its primary 
signal from an orifice via differential-pressure trans- 
mitter APX-2. 

Tower temperature control, the third variable can 
be exercised best when the primary element (filled bulb 
or thermocouple) is located at the point in the column 
where a minimum change in composition causes a 
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maximum change in temperature. Hence the sensors 
should not be located at top or bottom. As the “best” 
point varies with the percentage composition, the tower 
is usually equipped wih several bosses for insertion 
of thermowells at various locations. 

Temperature controller TRC-2 which receives a 
signal from millivolt-to-current transmitter MV/I-2, 
does not operate the control valve in the steam line 
directly. It transmits a control signal to cascade flow 
recorder-controller FRC-3. 

FRC-3 also receives a 4-to-20-ma signal from flow 
transmitter APX-3. The control signal FRC-3 produces 
is an electric signal which is converted to a pneumatic 
signal (0-15 psig) by current-pneumatic converter 
I/P-3 for valve actuation. 

Tower pressure, the fourth independent variable, is 
contralled indirectly by throttling the vent gas line 
from the accumulator via pressure recorder-controller 
PRC-1. 

Rate of reflux, is the fifth variable. Reflux is con- 
trolled by recording controller FRC-4, via a control 
valve in the line from the accumulator to the top of the 
tower. Control of the flow rate from the top-of-tower 
temperature only would be inadequate; good control 
of the reflux rate from this variable would at least 
require a second measuring point in the mid-section of 
the tower. 

A Fractionator Reflux Analog Computer (FRAC) 
receives three signals—reflux flow (from a flow trans- 
mitter APX-4), and differential temperature between 
the overhead vapors and the liquid reflux. It calculates 
the optimum reflux rate and the resultant output signal 


is fed to FRC-4. 





The sixth variable in the control system is the rate 
of overhead flow from the tower. Overhead product is 
pumped out of the accumulator. While part of the 
product is recirculated through the tower, the main 
stream is throttled by a double-seated control valve 
receiving its signal from the liquid-level controller 
LLRC-1, which gets its impulse from the level in the 
accumulator. An averaging differential-type level 
instrument is preferred over a float type. 

Flow of bottom product is controlled from the level 
in the reboiler, using an averaging differential-type 
level instrument (same as used for controlling top 
flow). This is shown as LLRC-2. It controls a valve 
in the bottoms flow line via a current-pneumatic con- 
verter I/P-4. FR-1 is the bottoms flow which records 
on LLRC-2. 

An analyzer AR-1 is used to record the composition 
of the overhead product. This is used as a basis for 
adjustment of the tower conrtols. 


Other instruments with no control function can (1) 
record or indicate temperatures of other points within 
system, (2) record and integrate rate and quantity of 
flow of the end product (FR-2), and (3) do the same 
with the bottoms product (FR-1). 

General procedure is to establish controls so that 
each independent variable is controlled, and sufficient 
flexibility is allowed for variations in feed and specifi- 
cation of product. It is necessary to control either 
directly or indirectly the rate of flow of all streams 
(material or energy) to or from the column and the 
composition of the desired product. The point of con- 
trol should be where the volume of material is large. 
The control instruments should be selected and located 
so that the speed of their response is at least equal to 
the rate of change in feed, but not greater than the 
response of the stream being controlled. 

Source: Minneapolis-Honeywell Regulator Company, 
Industrial Products Group, Philadelphia, Pa. 


HEAT INPUT TO FRACTIONATOR COLUMN CONTROLLED BY PRESSURE-DROP METHOD 


Among the fundamental variables in fractionator 
control (tower and feed temperature, tower pressure, 
and reflux, product and bottom-product flow), the 
tower temperature, or heat input, is the most impor- 
tant. Temperature control can be achieved in various 
ways. 

Operation at maximum capacity is very often the 
most important consideration in fractionating-column 
operation. A convenient means of obtaining this ob- 
jective—in packed, bubble cap, or sieve-type columns 
—is to control the heat supply to the column on the 
basis of pressure drop across the column. 

In the case of the packed or sieve-type column, the 
total pressure drop across the column is the combined 
effect of the resistance of the packing or sieve plates 
to the vapor and the liquid mass velocities through 
them. The total drop is representative of the upward 
vapor velocity through the column. Maintaining the 
proper pressure drop assures operation of the column 
at the theoretical velocity for which it was designed. 
Maximum utilization of equivalent plates is insured. 

In the case of the bubble-cap column, the total pres- 
sure drop across the column is made up of the resist- 
ance of the static head of Iquid on all the plates, plus 
the combined drop through the tray openings and trim, 
considered as orifices. Maintaining the total drop at 
proper level eliminates the efficiency-reducing effects 
of carryover and priming. 

The system shown is used by Dow-Corning Company 
in a pilot-plant fractionator producing chlorosilane 
and silicones. Correct vapor velocity is achieved by 
measuring the pressure difference between the over- 
head line to the condenser and bottom of the column 
with the aid of a differential-pressure transmitter 
(d/p). A receiver-controller controls a control valve 
in the heating-medium input line. The heating medi- 
um is Dowtherm liquid or Dowtherm vapor, which 
is fed from a central gas-fired source to the column. 
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(The hand-controlled cooling medium affords a means 
of a fast change-over to another charge in this pilot 
operation. ) 

Other controls on the column (feed temperature, 
reflux rate, etc.) are conventional. 

Equipment used: d/p cell transmitter (with provi- 
sions for inert-gas purge where required by the proc- 
ess), Type 13A. Model 40 Stabilog recording receiver 
controller with proportional and reset mode (or 
equivalent small case Model M/53-58 Consotrol com- 
bination) ; Stabilflo control valve with radiator bonnet 
(for Dowtherm vapor), or packless Teflon gland (for 
Dowtherm liquid). 

Source: The Foxboro Company, Foxboro, Mass.; 
also Application Engineering Data 282-14. 
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Ges) DIGITAL INSTRUMENTATION 


Shift-Register Logic 


ROBERT W. BROOKS, Computer Control Co. 


Logic of a shift register is developed for one stage 
in the register, using dynamic logic techniques. 


[ae any binary number (say 111 = 7) and 
shift its bits one column left. You have 
doubled the number (1110 = 14). This is the same 
as shifting the “decimal” point one place to the 
right. Similarly, shifting bits one column to the 
right divides a binary number by two (11.1 = 3.5). 
A shift register thus can double or halve binary 
numbers it holds in storage. This doubling, or 
halving, can be repeated over and over, if desired. 
Fig. 1 shows a 3-bit shift register. The different 
commands the shift register can be given are: 


1. Write in Parallel (W,) 
2. Shift Left (Sz) 
3. Shift Right (Sp) 





PARALLEL WRITE-IN SOURCE 











; 


Write in Parallel 


When this command exists, each stage accepts the 
new bit presented to it from the source, and the 
register holds the new number. This is one way 
that a number is brought in to the shift register. 
Once it is in the register it can be moved either 
to the left (doubled) or to the right (halved). 


Shift Left 


In shift left, the bit stored by each stage is 
shifted one stage left—to the higher-order column. 
For example, stage N receives the contents of the 
N — 1 stage when the command shift-left exists. 
This doubles the number stored in the shift register. 


FIG. |. STAGE N can receive 
information from either the 
N—1! stage, the N+1 stage, 
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FIG. 2. IN READ-IN, Ry be- 
comes | only when both Wp 
and Py are |. 








FIG. 3. IN SHIFT right, Ry be- 
comes | only when both Sp 
and Ry4; are |. 











FIG. 4. IN SHIFT left, Ry be- 
comes | only when both Sy and 
Ry-1 are |. 





Shift Right 


In shift right, the bit stored by each stage is 
shifted one stage right—to the next lower-order 
column. Stage N receives the contents of the N + 1 
stage. The number in the shift register is now one- 
half the value before this shift. 

The operation of the shift register can be ex- 
amined by observing the action of one stage when 
it receives these commands. 

Fig. 1 shows the N stage of a shift register and 
the stages adjacent to it. Each stage can hold one 
bit of a binary number. The N + 1 stage holds the 
bit of the next higher-order column; the N — 1 
stage holds the bit from the lower-order column. 
The letter P represents a bit which is to be entered 
into the shift register from the write-in source; Py 
is the bit in the column which is aligned with the 
N stage. The N stage receives Py when Wp ( Write- 
in-Parallel command) exists. 

The contents of stage N is Ry. There are three 
sources for Ry—(1) from the write-in source, (2) 
from the adjacent higher-order stage and (3) from 
the adjacent lower-order stage. 


Shift Logic 
If the source is Py (the write-in source), then 


Ry = Wp*Px (1) 


This says that Ry exists only when a write-in 
command (Wp) exists and a bit to be written in 
(Px) exists. Note: if Wp exists but Py is 0, then Ry 
becomes zero, even if it previously were 1. 

Fig. 2 shows the logic chart for symbolic-logic 
equation 1. 

The second source of information (Ry) for stage 






































FIG. 5. AND GATES implement equation (7). The 
ovals are |-ysec delay lines, so Ry occurs |-psec 
after the inputs occur. 


N is the contents of the N +- 1 stage (Ry+1). When 
the shift-right command (Sz) is given, Ry is made 
equal to the content of the N + 1 stage. This can 
be written: 


Ry = Sr Rw (2) 
Ry becomes 1 only when both Sz and Ry +; are 
1 (Fig. 3). Now there are two conditions for Ry 
to be 1: 
Ry = Wp’Py 0 Sre*Ryit (3) 
The third condition follows a shift-left command 
(Sz): 
Ry = Sy*Ry_1 (4) 
Again, S; and Ry, both must be 1 for Ry to 
be 1 (Fig. 4). 
When any of the three conditions described exist, 
Ry is 1. That is: 


Ry = Wp'*Py v Spe*Ry+1 v Sip*Ry—1 (5) 


Thus Ry is responsive to any one of three sources. 

Sometimes none of these commands is given. At 
these times the information contained by stage N 
(or any stage) should be retained. This is ac- 
complished by telling stage N to retain its contents 
during the time that new information is not being 
brought in—that is, Ry remains 1 if there is no 
write-in or shift command. This can be written: 


Ry = Ry*We'S:'Sp (6) 

The combined statement for Ry is this: 
Ry —— 

Wp*Py 0 Sr° Ry 1 0 Si°Ry_-1 0 Ry? Wp*Sp*Sr, (7) 

A logic circuit that performs this operation is 
shown in Fig. 5. The four AND gates at the left 
represent the four terms on the right in equation 
7. The OR gate then closes the loop. 
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TYPICAL drum and disc storage elements. LFE disc memory (second from left) uses Bernoulli separation prin- 


ciple. 


Drum and Disc Storage 


This survey of drum and dise recording techniques covers 


history, techniques (RB, RZ, NRZ-C, NRZ-M) and types. 


ay RACE (memory) requirements for most 
digital computers are: 

|. Capability of storing information indefinitely 
(in a non-volatile manner). 

2. Accessibility of information, when called for, 
with minimum delay (low access-time), and pre- 
ferably with nondestructive readout. 

3. Capability of altering or erasing stored data 
to permit storage of new data. 

4. Capacity to store a vast amount of informa- 
tion—perhaps 10° bits. 

5. Minimum cost per bit stored. 

Magnetic drums and discs meet most of these 
requisites. Although their access time is greater than 
that of cores, these devices are used commonly for 
the main storage mechanism of most general-pur- 
pose digital components. Where information is to 
be used in a sequential fashion, magnetic tape is 
used commonly, as in input devices; where smaller 
access time is essential, the more costly core can 
be used. 


Magnetic Recording 
The three essential components of any dynamic 
magnetic storage device are: 


*Mr. Gottschalk is now with RCA, Advanced Develop- 
ment EDP 


**Mr. Wasylenko is now with Remington-Rand Univac. 
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1. A magnetizable medium with suitable reten- 
tivity. 

2. A write head and a read head (may be the 
same). 


3. A means for energizing the write head, and 
means for converting the read-back signals to 
a usable form. 


The magnetic media most commonly used are 
iron oxides suspended in a resin binder, or an elec- 
troplated cobalt-nickel alloy. The read-write head 
consists of a ferromagnetic core (basically a toroid ) 
with a small gap containing a non-magnetic shim. 
One or more coils of copper magnet wire are wound 
about the magnetic core. The core element is 
mounted in a shell to position the gap close to the 
magnetic surface. Electronic amplifiers provide the 
current required to drive the write head and to 
amplify the signals from the read head to usable 
levels. 


Storing Digital Information 


A spot on the surface of the drum or disc is mag- 
netized for each bit of information to be stored. 

Any of several techniques can be used for re- 
cording binary digits. Four of the most representa- 
tive methods are shown in Fig. 2, which shows tape 
magnetization for recording the binary number 
1001100 by each system. 





A. Return-to-Bias (RB). The tape is magnetized 
(biased) to saturation in a direction called minus. 
Zero binary signals have no effect on the tape, 
which is left magnetized in its biased (minus) di- 
rection. Binary 1 signals are recorded by magne- 
tizing the tape in the opposite (positive) direction. 
After each binary 1 pulse the tape returns to the 
bias condition. The number 1001100 would be re- 
corded as shown in Fig. 2A. Note that this method 
requires a clock to read zeros. 


B. Return-to-Zero (RZ). The tape is initially in 
its unmagnetized condition. Binary 1 and 0 are 
assigned opposite magnetization directions and a 
pulse is recorded for each bit (Fig. 2B). Return 
to unmagnetized state occurs after each pulse, and 
the system is self-clocking. 

C. Non-Return-to-Zero—Change (NRZ—C). The 
tape is always saturated in one direction or the 
other. The direction of saturation reveals the bit 
recorded. Reversals in direction occur each time the 
bit changes (Fig. 2C). 

D. Non-Return-to-Zero—Mark (NRZ—M). This 
differs from NBZ-C recording in that magnetization 
direction is changed each time a binary 1 is re- 
corded (Fig. 2D). Both NRZ systems require an 
external clock. NRZ-M is the most widely used in 
digital recording systems, and appears to offer a 
good compromise between accuracy, simplicity, 


reliability, and compatibility. Note that this sys- 


tem involves the least number of flux reversals. 

Each change in magnetization level on the tape 
produces an output pulse on readback. The two 
styles of readback signals are shown in Fig. 3 and 4. 
Fig. 3 shows the doublet pulse signal developed 
when reading a binary 1, then a binary 0, which 
were recorded by the RZ technique (Fig. 2B). The 
binary 1 signal swings first above, then below, the 
background level. The binary 0 is reversed; it 
swings below, then above, the background level. 
This system is self clocking; each binary bit pro- 
duces a readback signal. The disadvantage is that 
the readback signal has a higher frequency con- 
tent and a smaller readback amplitude than from 
other recording methods. 

The readback signal for data recorded by the RB 
technique (Fig. 2A) has no 0-bit signal. Only the 
1-signal doublet pulse (Fig. 3) will appear—each 
time a 1 bit was recorded. A 0 bit is presumed 
when the clock pulse is not accompanied by a 
readback signal from the tape data track. 

The readback signal shown in Fig. 4 is from a 
binary 1 and 0 recorded by the NRZ-C technique. 
A readback pulse is present only when the binary 
bit sequence changes. When a clock pulse is not 
accompanied by a readback signal pulse, the bit 
remains unchanged; that is, it maintains its previ- 
ous value. 

The signal shown in Fig. 4 is produced when 
reading data recorded by the NRZ-M technique. 
Now each readback pulse means a 1 bit—regard- 
less of the polarity of the readback pulse. When 
the clock pulse is not accompanied by a readback 
signal pulse, a bit 0 is presumed. 
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FIG. 2. TAPE magnetization in RB recording, RZ 
recording, NRZ-C recording, and NRZ-M recording 
for number 1001100. 
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FIG. 3. RECORDED bits and readback pulses using 
RZ technique. 
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FIG. 4. RECORDED bits and readback pulses using 
NRZ-C technique. Pulses look the same when read- 
ing back data recorded by NRZ-M technique, but 
here any pulse, regardless of direction, always 
means a | bit. 
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Magnetic Drums 


The magnetic-drum storage device is not a re- 
cent invention. In 1900, Valdemar Poulsen, a Dan- 
ish engineer, was issued U. S. Patent No. 661619 on 
a device consisting of a rotatable brass cylinder, on 
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which was wound a steel wire in a uniform helix, 
and an associated electromagnet or a recording 
head. The device was used to record and repro- 
duce audio signals. However, as ear phones were 
required to hear the reproduced recorded “sound,” 
the invention was not a popular recording device 
until electronic amplifiers appeared. 

When amplifiers became available, tape and 
wire recorders, rather than drums, were success- 
fully exploited for audio-signal recording and re- 
producing. 

Drums and dises came back into the picture dur- 
ing and shortly after World War II as a medium 
for computer storage. In the early days of this de- 
velopment, magnetic tape was attached to the 
cylindrical surfaces of wheels. Today, the device is 
a true-running cylinder coated with a magnetizable 
medium, such as iron oxide. Electroplated surfaces 
also are available. 


Types of Drums 


Although drums vary in size and speed, they can 
be classified into one of the following three basic 
structures: 

|. Direct drive, rotating shaft. 

2. Belt driven, "dead" (non-rotating) shaft. 

3. Built-in motor type, using shaftless motors or 
"inside out" motors. 

The earliest drums were direct driven, rotating 
shaft. This type is still used in noncritical work. 
The cylinder is fixed securely to the shaft and 
mounted between two pairs of preloaded bearings. 
The cylindrical surface is made true by machining 
off the runout after assembly. The rotor then is 
dynamically balanced and the cylindrical surface 
sprayed with the iron-oxide coating. The head- 
mounting stator then is placed around the drum 
and the recording heads positioned properly. A 
drive motor is either directly coupled (or belt 
coupled) to the drum shaft. With this structure it 
is difficult to obtain a dynamic runout of less than 
0.0002” total indicator reading. 

In the second structure (class 2), the bearings are 
mounted directly in the cylinder or rotor. The ro- 
tor assembly then is axially fixed on a stationary 
shaft and an axial preload is applied to the bear- 
ings. The runout is machined off after assembly and 
the rotor dynamically balanced. The magnetic sur- 
face (iron oxide or electroplate ) is then put on and 
the head-mounting stator (with heads) is placed 
around the rotor. A belt couples the drive motor to 
the rotor. Dynamic runout of less than 0.0001” is 
readily obtainable because the shaft has a high 
stiffness with both ends fixed. As there is fear of 
belt failure, the belt life is constructed to have a 
life in excess of the bearing life. 

In the third structure (class 3), the motor is 
mounted directly on the drum rotor shaft, usually 
between the supporting bearings. The structure 
requires an a-c motor of the squirrel-cage type. 
With a rotating shaft the armature or squirrel cage 
is fastened to the drum shaft and the motor stator 
is built into the head-supporting structure. In dead- 
shaft construction the squirrel cage of the inside- 
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out motor is pressed into the drum cylinder, and 
the stator is fixed on the stationary shaft. Both 
structures are fixed-speed devices, and they usually 
require a warm-up period to attain thermal equilib- 
rium. This compensates for the rotor heating caused 
by the direct coupling to the drive motor. This 
structure is compact and is favored where volume 
is a limiting factor. 


Thermal Stability 


The thermal stability of drum storage devices 
depends on two factors—(1) the physical proper- 
ties of the structural materials and (2) the maxi- 
mum temperature differential between the drum 
rotor and the head mounting. Materials can be se- 
lected that have similar coefficients of linear expan- 
sion or which can compensate for any non-linear 
system expansion. Also, the materials can be prop- 
erly heat-treated to minimize the distortion at the 
maximum operating temperature-differential. 

The temperature difference between the rotor 
and the head mount produces a variation in the 
head-to-surface separation. Increased separation 
reduces the writing ability of the recording head. 


Magnetic Disc Storage 


A disc is defined here as a device with a slender- 
ness ratio (outer radius/thickness) of 20:1 or high- 
er. Thicker discs are called plates or turntables. 
Thin discs are preferred if a large number of discs 
are to be stacked on a common shaft. 

The use of a disc plated with a magnetic mate- 
rial is suggested as a storage device in U. S. Patent 
No. 836,339 issued to P. O. Pederson on November 
20, 1906. However, only since the mid-forties have 
discs received serious consideration as general-pur- 
pose memories for digital computers. The difficulty 
in obtaining discs with sufficient flatness held back 
the development. 

Compressed air escaping from a shroud around 
the head is effective in maintaining a uniform gap 
or separation between the head and the disc sur- 
face. This form of head-guiding is termed hydro- 
static because an external source of pressurized air 
is necessary. This “hydrostatic bearing” permits 
discs with large surface runout (up to 0.010”) to be 
successfully used for recording. 

Discs did not gain approval as storage elements 
until adequate head-positioning mechanisms were 
developed. 

Kingsbury, in 1897, demonstrated an air-lubricat- 
ing hydrodynamic slider bearing. The load-carrying 
capacity of this bearing is low; hence the Kingsbury 
air-lubricated bearing remained a laboratory curi- 
osity for the student of mechanical engineering. 
However, the Kingsbury air bearing has proved to 
be ideally suited as a head-flying device. 

To maintain a fixed head-to-surface separation, 
the low load-carrying capacity of this air bearing 
favorably limits the head loading force to a small 
value. This separation is held by a dynamic pres- 
sure resulting from a shearing deformation of the 
air (fluid) molecules wedged between the station- 
ary bearing pad and the moving disc surface. The 





FLYING MULTIPLE HEAD} 
success of the air-guided head has re-stimulated 
interest in magnetic disc storage devices, in partic- 
ular for large-capacity systems. 

Air-guided heads are not limited to flat surfaces. 
Although heads mounted in hydrodynamic bear- 
ings were developed to improve the usefulness of 
discs as storage elements, heads can be air-guided 
on cylindrical surfaces. 

Features which make discs attractive for mem- 
ory use are: 


I. Suasenily by adding discs on a common 
shaft. 

2. Higher volumetric efficiency than drums, con- 
servatively estimated at a ratio of 6:1 for medi- 
um storage-capacity, higher for large storage- 
capacity. 

. No need for high-precision bearings, nor is a 
bearing preload required. 
. A damaged disc can be replaced; a scored 


drum requires expensive reworking. ; 
. Simplicity of Penta sae head services a number of annular tracks covering 


. No variable temperature problem (not true of a band equal to the separation of adjacent heads. 

drums having air-guided ener The entire multiple-head structure is shifted by in- 
tegral track widths to position any one head on a 
desired track.‘Only one head can be brought over 
a specified track at a given time. 


RETURN SPRING 


FIG. 5. DISC and multiple-head structure. 


Disc flatness is important in order to increase the 
pulse-packing density. High-density recording re- 


quires head-to-surface separations of the order of 
250 microinches or less. To obtain such flying gaps 
requires discs having a maximum flatness excur- 
sion rate of 0.0004” per inch. Other specifications 
for the disc substrate includes: Surface finish of 15 
microinches or better, ease of plating, nonmagnetic, 
dimensional stability, and low cost. Disc materials 
now meet these specifications; however, cost must 
be reduced substantially to attain commercial teas- 
ibility. 

Fig. 5 shows a typical head-disc memory con- 
structed at the Burroughs Research Center. It has 
its head mounted in a gimbal, which in turn is 
fastened to a pivoted arm, or head-loading bar. The 
head is loaded by placing weights on a rod at- 
tached to the loading bar. The ratio of the weight 
to the head force is 6:1. With a head-loading force 
of 0.7 pound and a surface speed of 950 inches 
per second, a 500 millivolt peak-to-peak readback 
signal is obtained, at 500 ppi NRZ (on a cobalt- 
nickel plating 0.00022” thick having a coercive 
force of 650 Oersteds). A signal-to-noise ratio of at 
least 70:1 was measured. The noise level is suffi- 
ciently low to be ignored. 

To improve on this performance, the head was 
redesigned using a better ferrite for core material 
and a smaller gap. This, together with increased 
head loading for closer spacing, and thinner plat- 
ings for better high-frequency operation, has made 
it possible to obtain pulse-packing densities in ex- 
cess of 1500 ppi with readback signals of 30 milli- 
volts peak-to-peak or better. 

Heads can be shifted to serve a number of 
tracks; however, the access time increases by the 
time required for head shifting. 

To improve the access time of a disc memory, it 
is possible to limit the area serviced by one head to 
an annulus on the disc, thereby limiting head travel. 
In such a multiple-head structure (Fig. 5), each 


The multiple-head assembly of Fig. 5 contains 10 


heads, and the entire assembly can be positioned in 
ten discrete track locations by a combination of 
electromagnets and a spring return. This gives a 
total capacity of 100 tracks, the track density being 
32 per inch in this design. Disc diameter is 13.25” 
and thickness 0.260”. 


Magnetic discs will continue to play an im- 


portant role as large-scale memory devices for 
data-processing applications. As recording density 
increases, the cost of storage per bit will decrease. 


Discs working from the 60-cycle power line have 


an optimum access time of 17 milliseconds, pro- 
vided no head-shifting is required. It is possible to 
obtain fairly fast shifting mechanisms at reason- 
able cost, provided the accuracy for track-position- 
ing is not too demanding. 


As in any other problem, the design of magnetic- 


disc memories involves a compromise between per- 
formance and cost. The high-performance features 
are desirable where discs are to take the place of 
main memories in small or medium-sized machines. 
However, in places where discs are considered as 
replacements for magnetic tape, the high perform- 
ance may not be required. 


Bibliography 


S. J. Begun, Magnetic Recording, Murray Hill Books, 


New York, 1949 


A. D. and K. H. V. Booth, Automatic Digital Calcula- 


tors, Academic Press, New York, New York, 1953 


J. P. Eckert, “A Survey of Digital Computer Memory 


Systems,” Proceedings of the IRE, Vol. 41, No. 10, 
pages 1393-1406, October 1953 


J. S. Hill, “Design Features of a Magnetic Drum In- 


formation Storage,” paper delivered at the Assn. for 
poy Mach. Conf., Rutgers University, March 28-29, 
1950 


Jacob Rabinow, “The Notched-Disec Memory,” Elec- 


trical Engineering, Vol. 71, No. 8, pages 745-749, 
August, 1952. 


April 1961—Instruments & Control Systems—Page 661 


























THE MODERN ENGI- 
NEERING DEPART- 
MENT has adequate 
data computing, analy- 
sis, and recording in- 
strumentation. 


Computer Uses 


A wide variety of process and mechanical engineering problems 
are being solved on general-purpose computers. The following 
reports a representative sampling of the work that is being done 
in the chemical and mechanical fields on Bendix G-15 Computers. 


Dow Chemical Co. (Texas Div.) 

Process engineering design of heat exchangers, 
distillation equipment, fluid pipe lines, and process 
simulation are the major areas of work assigned 
to the computer. Time breakdown shows 50% proc- 
ess equipment design; 20% production trouble shoot- 
ing and efficiency tests; 10% general engineering 
including piping and electrical; 5% research data 
evaluation; 15% miscellaneous single problems. 


Standard Oil Co. (Ohio) Research Dept. 

The computer is operated on an open shop basis 
and supports 150 technical personnel. Computer 
time is divided 10% for satellite tracking, 30% for 
statistical analysis, 10% for material balance calcu- 
lations, and 50% for one-shot programs—process 
simulations, system models, predictive studies. Sta- 
tistical programs are most widely used, but one- 
shot programming has been of greatest value. The 
computer is used primarily as a research guide and 
is particularly useful in a screening analysis before 
research work is begun 


Standard Oil Co. (Ohio), Mfg. Dept. 

The computer serves approximately 250 technical 
personne) in the Refinery Engineering, Manage- 
ment Methods, and the Operations Staff Units, on 
an open shop basis. Major areas of work include 
thermodynamics and yield studies. Ten percent 
of computer time is devoted to production prob- 
lems—enthalpy, latent heat, gasoline blending, 
multiple linear and non-linear regression analysis— 
and 10% for statistical work. The remaining 80% is 
used for one-shot development programs. 
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E. |. DuPont De Nemours & Co., Inc. 

The computer group consisting of three engi- 
neers and four technologists, serves a technical staff 
of approximately 110. Major areas of work are data 
reduction, statistics, reactor design, and economic 
evaluations. Computer time percentages are 60% 
data reduction—involving conversion of observa- 
tions made in a Chemical Semiworks to perform- 
ance data such as conversions, yields, etc.; 15% 
statistical; 5% one-shot programs; 20% miscellaneous. 


Sun Oil Co. 

Computer group supports a technical staff of 100 
people. Reservoir engineering, mechanical design, 
and production service engineering are the major 
areas of work for the computer. Production prob- 
lems include reservoir performance simulation, 
vapor-liquid equilibrium, casing design, evaluation 
of geophysical velocity functions, reservoir material 
balance calculations and economic analyses. 


Allis-Chalmers Manufacturing Company 

Nuclear reactor problems—mainly heat transfer, 
fluid flow, reactor physics, reactor hazards analysis, 
and the work-up of experimental data on heat 
transfer and fluid flow. Time: 80% for one-shot 
and standard engineering programs, 20% for data 


reduction. 


Foster Wheeler Corp. 

Problems include thermal stress analysis of ortho- 
gonal multianchor piping systems, pulsation damper 
design, distillation tower design, plate-to-plate cal- 
culations, design of steam generators, beam stress 
analysis, cooling-tower performance calculations. 


Experiment Inc. 


Problems: Fluid-flow analysis, chemistry of fuels, 
data reduction, design analysis, and miscellaneous 
engineering calculations. Time: 20% fluid-flow an- 
alysis (pressures, temperatures, drag, thrust); 40% 
chemistry of fuels (flame temperatures, specific im- 
pulse, combustion efficiency); 15% data reduction 
(burner, turbine and jet performance); 15% de- 
sign analysis (configuration requirements for noz- 
zles and inlets ); 10% miscellaneous calculations (tra- 
jectories ). 


Rohm & Haas Company 


Data reduction occupies 30% of the computer's 
time; 20% (each) for statistical analysis, solution 
of various systems of differential equations, and 
one-shot research problems. Remaining 10% is spent 
in spectroscopic analysis. 


The Lummus Company 

Most problems are concerned with the design 
of process plants and process equipment (90%); 
10% for mathematical routines. 


Worthington Corporation 

Critical speeds of slender shafts and reciprocating 
compressor analyses occupy 85% of the computer's 
time; 10% for one-shot engineering gas-log tables, 
and 5% for statistical calculations and management 
decision-making. 


Unit Structures, Inc. 

Stress analysis of beams and three-hinged arches 
comprise 75% of the computer’s work; 15% for 
cost estimates and 5% each for price quotation 
calculations and special problems. 


Acoustica Associates, Inc. 

Evaluation of equations over various limits, curve 
fitting, plotting of various distributions and regres- 
sion lines, and the generation of tables for data 
reduction. 


National Research Council of Canada, Ltd. 

Computer time is divided 10% statistical (curve 
fitting); 20% data reduction (wind tunnel, flight 
test, heat transfer tests, spectro-photometer read- 
ings, auto-correlation and power spectrum of water 
wave records); 40% engineering (propeller or fan 
design, gas turbine cycle); 30% scientific (crystal 
structure theory). 


Bendix-Pacific Division 

Calculations of radar and sonar beam patterns. 
The computer group works closely with the facility's 
analog group doing calculations of Bode and Ny- 
quist curves as well as transient responses. Also 
complex arithmetic assist in check cases and trans- 
fer-function calculations for guidance and servo 
systems. Time: 60% one-shot engineering problems, 
90% data reduction, 15% statistical, 5% table gen- 
eration. 


Canadian Pratt & Whitney Aircraft Company, Ltd. 


Performance of components, engines, and opti- 
mization programs. Time: 50% stress analysis, 20% 
performance calculation, 10% aerodynamics and 
thermodynamics, and 20% data reduction and 
miscellaneous. 


ACF Industries, Inc. 


Basic work is solution of standard deviation of 
molded plastic parts for production of numerical 
tool-control tapes. A DDA accessory and graph 
plotter facilitate solution of heat transfer problems. 
Time: 20% for one-shot engineering problems, 10% 
for stress analysis, 20% for data reduction and 50% 
for numerical tool control tapes. 


Bucyrus Erie Company 


Design of booms of latticed construction used 
for dragline, crane work, and clamshell work. “Only 
when a computer is used is the complete calcula- 
tion of a boom feasible.” 


The Magnavox Company 


Time: 5% for statistical work, 10% stress an- 
alysis, 10% data reduction of field and experimental 
data, 65% for one-shot problems, and 10% mis- 
cellaneous. 


Eclipse-Pioneer Division 


One of the three G-15’s is allocated to the prob- 
lems of instruments and components in the Elec- 
trical Instrument Laboratory. Computer time: 45% 
electro-magnetic resolver and synchro chain analysis 
and optimum design of magnetic components; 30% 
gear analysis; 10% determination of test points 
for navigational computers and error analysis of 
coordinate converters and other computer circuitry; 
15% mechanical reduction devices, cam computa- 
tions, special statistical analyses. 


Curtiss-Wright Corporation 

Computer problems: structural analysis, vibra- 
tion analysis, noise studies, control and performance 
studies, aerodynamic analysis, dynamic analysis and 
miscellaneous mathematical solutions. Computer 
time; 75% stress and vibration analysis, 5% data 
reduction, 10% one-shot engineering, 10% statistical. 


John Deere Tractor Research and Engineering Center 


Major programs are gear design, crank-shaft de- 
flection etc. 


Bendix Products Division 


Stress analysis, vibration and motion studies, data 
reduction, heat transfer, cam design and numerical 
control. 


Fellows Gear Shaper Co. 


Design of gear-shaper cutters, shaving tools, mas- 
ter gears, cams and cam cutters. 
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RUBICON Model 2782 Five-Dial Potentiometer— 
Two ranges: 0-1.6 volts in increments of 10 
microvolts, and 0 to 160 millivolts in increments 
of 1 microvolt. Guaranteed limit of error: 0.01 
per cent of reading plus 5 microvolts on the 
upper range; 0.01 per cent of reading plus 1 
microvolt on the lower range. 

Write for Specification Sheet RS2782 for details. 


HOW “ACCURATE” SHOULD A POTENTIOMETER BE? 


Potentiometer accuracy claims can be misleading. They 
can sometimes be based on one-shot tests made under 
ideal laboratory conditions. Their validity can depend 
on the method used to establish limits of error. 


The real measure of potentiometer accuracy is not how 
little the instrument drifts from set resistance values at 
one given moment, but how long it will remain faithful 
to its certified calibration. Only a potentiometer that 
gives consistently stable, reproducible results over its 
entire life can deliver the performance you pay for. 

Such a potentiometer is the one shown above, our 
Model 2782. It incorporates refinements in potentiom- 
eter design that provide high stability and long-term 
accuracy. For example, the use of high-stability 10-ohm 


resistors in the first dial and 1-ohm resistors throughout 
the four lower dials insures permanence of calibration. 
And because the switch of the first dial carries no cur- 
rent at balance, its contact resistance can introduce no 
error of measurement. Many other design innovations 
help maintain the potentiometer’s realistically high 
accuracy. Still, the instrument is priced below com- 
parable potentiometers offering far less. 


All Rubicon instruments are the product of a long tradi- 
tion of engineering excellence and exceptional crafts- 
manship. The complete line is available through any of 
the Honeywell branches throughout the nation. 


MINNEAPOLIS-HONEYWELL, Rubicon Instruments, Ridge 
Ave. at 35th St., Philadelphia 32, Pa. 


Honeywell 


HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
CIRCLE 85 ON READER-SERVICE CARD 
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Standards and Management 


C. E. WHITE, AVCO R. A. D., Wilmington, Mass. 


CHARLES E. WHITE has been in charge of the 
Laboratory Measurements Section of AVCO RAD 
(Research and Advanced Development), Wilmington, 
Mass., since 1956. He planned, staffed, equipped, and 
supervised the primary and calibration standards facili- 
ties (reported in detail in 1&CS). Prior to his present 
position, he was with: USN Medical Research Labora- 
tory (1952-56); Electronics Div. of Electrical Design 
Dept., Electric Boat Company (1947-51); RCA Service 
Company (1936-46); Western Union Telegraph Com- 
pany (1928-36). He has also been a consultant in 
acoustics and structural planning. He has authored 
many technical papers on instrument accuracy, instru- 
ment environmental effects, reliability/quality pro- 
grams, measurements techniques, noise measurements, 
etc. He has a BSEE degree from New York University, 
and MSEE from University of Connecticut. 

His professional associations include: Institute of 
Radio Engineers (Chairman Merrimack Valley Sub-sec- 
tion); Acoustical Society of America; Audio Engineer- 
ing Society; Society of Motion Picture & Television 
Engineers. He is a registered Professional Engineer in 
Connecticut and Massachusetts. Appointed member 
of International Scientific Radio Union (URSI), member 
of USA Commission |—Radio Standards (National 
Academy of Sciences). 

Chas. is 50, married, has one daughter. 


A SURVEY IN 1959 of standards ac- 
tivities''* maintained by government 
contractors revealed: 


1. There is a lack of centralized 
management control over calibration programs. 

2. There is a general lack of traceability of cal- 
ibration to the National Bureau of Standards. 

3. Industry is not generally aware of the capa- 
bilities of NBS. 

4. There is need for increased accuracy in many 
fields, to be supplied by NBS. 

There is still slight evidence of interest in the 
deficiencies revealed by the survey. An important 
step, taken by the Secretary of Commerce in 1958 
was to request that the National Academy of 
Sciences undertake a survey of the Department's ac- 
tivities and make recommendations. A special ad- 
visory committee of the Academy in its March, 1960 
report?,** made recommendations to the Depart- 
ment of Commerce for the National Bureau of 
Standards which included the following. 

1. “The measurements standards efforts be ex- 
panded to provide adequate coverage of the na- 
tion’s standards efforts. A rate of increase of ef- 
fort of about 15% per year is suggested... .” 

2. “Directly appropriated funds be obtained for 
all activities in the Measurements and Standards 
area that are of broad national interest .. . .” 

A second survey’? was conducted in 1960 to de- 
termine in what fields industry feels the need for 
improved accuracies, and wishes NBS to conduct 
research. To implement the survey, the first Meas- 
urement Research Conference encouraged by the 
Aerospace Industries Association’s Quality Control 
Committee and the National Bureau of Standards 
was held at Boulder on May 24-25, 1960. This repre- 
sented the first time that industry and government 
faced each other in open session to determine and 
to substantiate the demands made by industry upon 
the government's official calibration centers. 

Substantiation of accuracy requirements plays as 
great a part in creating support for Bureau activities 


*See I&CS, April, 1960, page 596. 
**See I&CS, July, 1960, page 1138. 
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as demand for services; it is well known that de- 
velopment and product specifications and test pro- 
cedures quite often are unrealistic because (1) too 
often an unawareness of state-of-the-art is evident 
in the extreme accuracies and/or minute tolerances 
spelled out in procedures, (2) too little analysis 
has been made of the effect upon the end item of a 
lowered accuracy or increased tolerance requir- 
ment in specifications. This is a function which can 
be filled capably by any knowledgeable calibration 
activity. 

Another step forward is the increased weight 
being given standards in the military quality-con- 
trol program. To prod contractors into more dili- 
gent compliance with quality requirements, Air 
Force inspection teams are conducting an evalua- 
tion of contractors’ abilities to trace accuracy to 
NBS. 

There is evidence that several large corporations 
are being nudged along the path of standards con- 
trol at the corporate level. In process of formation 
at the present time, also, is a training program at 
George Washington University at graduate level to 
supply qualified personnel capable of staffing stand- 


ards activities. 


Management Demands Justification 


All standards activities are under the constant 
scrutiny of cold, practical, profit-motivated manage- 
ment eyes. The administration thus must be able to 
present its case for controlled environment, a high 
level of competency in personnel, the need for pro- 
fessional development in the several fields of meas- 
urement, and last but not least the distinct prob- 
ability that the activity will enhance the company’s 
ability to produce an end-item of highest quality. 

Proof of the last statement is extremely difficult. 
Constant communication between the administra- 
tion and management will establish the justification 
for each phase of the standards operation. Most 
important, the operation is elevated to the re- 
spected position it deserves when its capabilities 
have been proven. 

A good deal of soul-searching is required in the 
determination of fields and ranges of calibration 
activity. The level and extent of operation depends 
on many considerations—number of units sub- 
jected to cyclic calibration, comparative costs of 
calibration within the company or at a remote serv- 
ice center, extent of loss-time encountered by cy- 
cling through a remote agency. The degree of 
financial support from management, and the extent 
of the directive from management to initiate and 
carry on the activity contribute largely to arriving 
at a satisfactory solution. 

The administration of a standards. activity can 
obtain help in answering management's questions. 
They may consult with the Bureau of Standards, 
contact existing industrial laboratories, or search 


Page 666—Instruments & Control Systems—Vol. 34 


the technical literature. * 

Within each industrial organization there is a 
good, selfish reason to encourage a standards ac- 
tivity. By the very nature of the activity, participants 
are aware of the state-of-the-art in the fields for 
which they claim proficiency. An awareness of the 
state-of-the-art in measurements fields is an asset 
that few industrial organizations have outside their 
standards laboratories. Every standards activity 
finds itself employed as a consultant by engineering 
standards and specification groups, as well as the 
development areas. In addition, the activity often 
serves to acquaint research people with the capa- 
bilities of measurements in fields contiguous to 
their own, but,in which they have no great pro- 
ficiency. 

Management also should recognize that the 
second phase of development in standards activity 
is the seeking after further knowledge, the search 
for new or improved techniques, in research into 
new standards which have application locally, or 
in development or invention of new devices or in- 
strumentation related to the measurements fields 
which are of interest to the laboratory. “To stand 
still is to go backwards.” A management which 
discourages an alert standards activity will en- 
courage complacency which’ in turn leads to a 
depreciation in quality of work. 


Measurement Error Philosophies 


In certifying the calibration of measurements 
standards one is not permitted the luxury of han- 
dling cumulative errors on the root-mean-square or 
exponential basis as is acceptable to our friends 
in Reliability Engineering. The approach of the 
standards laboratory to this problem is neither un- 
derstood nor appreciated by the typical manager 
involved in quality assurance or control. He may 
fail to appreciate the fact that certification calls 
for an expression of the worst possible combination 
of known errors encountered in the calibration pro- 
cedure. This can lead to uncertainties in test results 
because of too small a differential between specified 
accuracy tolerances in data and the certified in- 
accuracies of the measuring devices. An understand- 
ing of the importance played by measurement sys- 
tems* must be ingrained into any program which 
spells out test or inspection procedures or specifica- 
tions. 

In a normal industrial operation, the standards/ 
calibration activity usually finds itself in the passive 
role of defender of measurement accuracy. Were 
the laboratories to assume the role of protector of 
measurement accuracy, the implication is immedi- 
ately of a vital force actively engaged in close 
liaison with planning or specifying activities, and 


*INSTRUMENTS AND CONTROL SYSTEMS has 
been emphasizing calibration and standardization for 
the past two years. 





continually exercising surveillance over instrumenta- 
tion employed to determine performance character- 
istics of end-items. It is this role which must be 
assumed by the standards/calibration activities of 
the future. 


Once this role of protector of measurement ac- 
curacy is assumed, recognition will be accorded the 
activity. That factor which should be jealously ob- 
served by all standards/calibration activities is that 
there can never be any subversion of accuracy by 
pressure of industrial needs. A truly quality-con- 
scious management does not tamper with accuracy 
—an uneducated or dishonest management might 
be tempted. 


Extension of Services 

A standards activity might desire to share the 
laboratory's capabilities, on a fee basis, with other 
companies in which it is impractical or uneconomi- 
cal to establish standards activities. This must be 
approached cautiously. Once approved by manage- 
ment, the laboratory must retain control over the 
furtherance of the sales efforts, first to affirm that 
services rendered outside the company are on a 
profitable basis, and second to control the effort 
in order not to overload the personnel and con- 
tribute to a lowering of quality because of the 
profit-motif. 

I have no knowledge of a standards laboratory 
which is self-supporting. Consequently manage- 


ment must be educated to the extent of realizing 
that support from within the company must always 
be forthcoming. Profits from without should serve 
only to supplement the company’s contribution. 


Level of Standards 


Within many corporations, one can find many 
calibration activities, each operating as an inde- 
pendent entity. Seldom does there exist liaison of 
any sort between these laboratories. This represents 
a deplorable waste of space, facilities, and man- 
power. Alert managements are becoming aware of 
the need for: 


1. Establishing surveillance over all laboratories. 


2. Combining and centralizing seldom-used func- 
tions. 

3. Establishing a standards activity under direct 
corporate control and possibly at a centralized 
geographical location. This function serves two pur- 
poses; first—the perfectly understandable one of 
reducing corporate expenses and supplying high- 
level standards accessible to all corporate divisional 
laboratories; second—a reduction in loss-time to 
the corporation of expensive instrumentation wait- 
ing for certification at the heavily loaded National 
Bureau of Standards. In turn, reduction of the load 
of low-level calibration work at the Bureau permits 
more attention to measurement research, vitally es- 
sential to the nation at the present time. 

It is heartening to realize that the beginning of 
1961 saw at least four corporations approaching 
the problem of centralized standards with a firm 
step. Disturbing elements in the picture are the 
lack of trained personnel and the long lead-time 
required for establishment and operation of the 
highest level standards laboratory. 

Given an open, receptive mind on the part of 
management, the conscientious standards activity 
with proven capabilities has a direct challenge to 
establish its future position. It must learn to ques- 
tion improper procedures, unattainable specifica- 
tions, and unreasonable or unjustifiable demands 
for accuracy. Conversely it must fight to push back 
the obstacles arising from state-of-the-art deficien- 
cies by its own research work, and by its support 
of the National Bureau of Standards. This all leads 
to one goal—products of highest quality. 


References 


1. Aerospace Industries Association, Quality Control 
Committee—“Industry Calibration Survey”, Jan. 9, 
1959 (Part 1), April 27, 1959 (Part 2). 

2. National Academy of Sciences, National Research 
Council—The Role of the Department of Commerce in 
Science and Technology”, March 2, 1960. 

3. Aerospace Industries Association, Quality Control 
Committee—“National Bureau of Standards Request 
for Priorities”, Survey QCC 60-18, March 30, 1960. 

4. A. G. McNish, “Propagation of Error in a Chain 
of Standards” Standards Conference-NBS, Boulder, 
June 22, 1960. 


Abstracts from paper presented at 1960 Conference, 
Standards & Electronic Measurements, Boulder, Colo. 





April 1961—Instruments & Control Systems—Page 667 





Mini Mre 


Goes Anyuhire 


for Accurate 
Temperature — Millivolt 
Measurement 


Take accurate temperature-millivolt measurements wherever 
you go—laboratory, plant or field—with the rugged, compact, 
portable “‘MiniMite”. Moderately priced, the “‘MiniMite” 
(null-balance potentiometer pyrometer) weighs just 314 Ibs., 
measures just 4” x 5’ x 6”, provides 4 of 1% of scale accuracy 
with a long 23.6’ double range scale. Widely spaced scale 
graduations facilitate easy, accurate reading. A standard 
flashlight battery provides standardization. 

Measure Temperatures Directly 
Connected to a thermocouple, the ‘“‘MiniMite” provides 
accurate temperature indication, anywhere. It is used for 
standard checking and calibrating procedures. Automatic 
cold-junction compensation is built-in. 

Measure Millivoits Directly 
Any transducer with a dc millivolt output can be checked 
quickly with the ““MiniMite”’. 

Calibrate Other Instruments 
The ““MiniMite” can be used to check or calibrate potenti- 
ometer or millivoltmeter type recorders, indicators, controllers, 
easily—with little or no extra equipment. 


: Thermo | 
Glectric 


Temperature 


and Components 


Measuring Systems 


Special Design 
An adaptation of the ‘““MiniMite”’, called the Airline “‘Mini- 
Mite’, is made to quickly check dynamic performance char- 
acteristics of jet engine exhaust temperatures, E.G.T. spread 
or average and calibrate cockpit indicators. It also can be 
used as a source of variable de millivolts. 


72 Double Range Scales 
Range Scales for the “‘“MiniMite” can measure temperatures 
from minus 450°F. to plus 3200°F. with all standard thermo- 
couple materials, including various Platinum-Rhodium com- 
binations. Many millivolt scale ranges are available. The 
double range scales are available with two different thermo- 
couple calibrations, combinations of a temperature and 
millivolt range, or a single temperature or millivolt scale. 

Operation is Easy 

Anyone can obtain accurate readings quickly. Connect the 
‘“*MiniMite”’ to a sensing element or instrument to be checked, 
standardize and adjust for readings. 
You can have delivery of the model, and range scales you need 
promptly, many are carried in stock. 


Write today for information—Instrument section 64-12 








20 YEARS 


THERMO ELECTRIC Co., Inc., Saddle Brook, New Jersey 
In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
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FIG. 1. PHAZOR phase meter Model 200A measures 
tan @ directly. 
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FIG. 2. LISSAJOUS patterns. 


Phase Shift Measurements 


RAYMOND ROTHSCHILD 
Industrial Test Equipment Co. 


important in current transformers, potential 
transformers, computing amplifiers, computing 
transformers, resolver systems, etc. 

Few instruments can perform phase measurements 
accurately. Some instruments employ the principle of 
measuring phase by noting the respective zero-axis 
crossings of the reference signal and the signal of 
unknown phase. Considerable error can be introduced 
by this method if one of the signals contains noise 
and harmonic components. This is especially true if 
the noise or harmonic peak occurs in the vicinity of 
a zero-axis crossing. Ambiguities that can arise are 
shown in Fig. 2. 

Fig. 2A shows the lissajous figure resulting from 
the signals y = sin ot; x = sin wt (two voltages with 
zero phase-shift) . 

Fig. 2B shows the lissajous figure resulting from the 
signals y = sin (ot—3°); x = sin wt. A 3° phase 
shift has been introduced in the y signal, resulting in 
the conventional ellipse. 

Fig. 2C shows the lissajous figure resulting from 
the signals y = sin wt + 0.1 cos 3ot; x = sin 
wt. That is, 10% 3rd-harmonic distortion has been 
introduced in the y signal. 

Fig. 2D shows the lissajous figures resulting from 
the signals y = sin (wt—3°) + 0.1 cos 30t; x = sin 
wt. A 3° phase shift of the fundamental component 
has been introduced in a y signal containing 10% 3rd- 
harmonic distortion. 

The phase shift is discernible in Fig. 2B (the case 
of zero distortion), but C and D show that the deter- 
mination of phase shift in distorted signals can be- 
come ambiguous. 


Vf important in of small phase angles is im- 


Two voltages are required in order to measure phase 
—a reference voltage and a voltage whose phase is 
to be measured with respect to the reference. The 
voltage of unknown phase can be resolved into two 
basic components at right angles to each other—an in- 
phase component (in phase with the reference), and 
a quadrature component (90 degrees with respect to 
the reference). Any instrument which can separate 
components in this manner can be used to measure 
phase. Fig. 1 shows such a meter, which can be used 
to measure these components and at the same time 
eliminate the effect of noise and harmonics. 

The principle of operation is based on a precision 
multiplying device. The multiplier output is propor- 
tional to the instantaneous product of the input signal 
and the reference signal. A d-c meter accepts the out- 
put from the multiplier and produces a deflection 
proportional to the time average of this instantaneous 
product. If the input signal V is A sin (wt + 6), and 
if the reference signal (Vp) is B sin wt, then the meter 
deflection D,; = fAB sin ot sin (wt + 6) dt, or Dy, = 
kAB cos 0. 

This is similar in operation to an ordinary electro- 
dynamometer-type wattmeter, which uses a current 
coil and a potential coil. 

By using a built-in phase shifter which is capable 
of shifting the input signal 90° the phase between two 
signals can be measured (irrespective of the magnitude 
of the signal) because with an input phase shift of 90° 
the meter deflection would be proportional to the sine 
of the phase angle between the reference and input 
voltage (or quadrature component). That is, after 90° 
rotation the signal D is: 

D. = kAB sin 6 
By taking the ratio of these two signals: 
D,/D2 = kAB sin 6/kAB cos 6 = tan 6 

Thus we have a method of measuring phase shift 
between two signals irrespective of the magnitude of 
the signals. The accuracy of measurements is generally 
better than +1°. 
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Bristol Series 532 A/D pneumatic recording controller 
is outstandingly SIMPLE, RELIABLE, and STABLE 


Simple modular design for ease of servicing 


High control stability for closer process 
control 


Designed for batch-type and continuous 
processes 


Proportional, proportional-plus-reset, and 
proportional-plus-derivative control models 
available 
Top control performance with maximum simplicity plus standard 
Bristol precision measuring elements—those are the key features 
of the Bristol Series 532 Recording Controller. The 532 uses the 
same renowned elements that have earned such a reputation for 


CONTROL UNIT CHARACTERISTICS: 


PROPORTIONAL BAND: 0-400% continuously ad- 
justable, direct- or reverse-acting. 


RESET: 0.1 to 100 repeats per minute. 
. DERIVATIVE: 0 to 10 minutes derivative time. 
AIR PILOT: Non-bleed type. 
PILOT CAPACITY: Over 3.0 scfm. 
FREQUENCY RESPONSE: Essentially flat to 300 
cycles per minute. 


TEMPERATURE STABILITY : Less than 0.1% change 
in the output pressure for 90°F temperature change. 


CHART: 8” diameter; wide variety available. 





accuracy and dependability on other Bristol automatic control- 
ling and recording instruments—perfected through wide expe- 
rience and many years of development. 

Self-contained modular design of the control unit speeds serv- 
icing. The whole modular unit, consisting of an aluminum cast- 
ing with working parts made of stainless steel, Ni-Span C, and 
Neoprene diaphragms, can be removed by taking out only two 
screws and a link. 

The die-cast aluminum instrument case (1534 x 1034 x 53 
overall) presents a streamlined appearance and is completely 
dustproof and weatherproof. 

Write for complete data on the new, versatile, eco- acco 
nomical 532 A/D. The Bristol Company, 113 Bristol 
Road, Waterbury 20, Conn., a Subsidiary of American 
Chain & Cable Company, Inc. 0.46 


MATERIAL: Aluminum housing; 316 stainless steel 
internal parts; Ni-Span C feedback element. 


RECORDING CONTROLLERS OFFERED FOR: 


PRESSURE AND VACUUM: Ranges from full vacuum 
to 15,000 psi. 


TEMPERATURE: Ranges from—100°F to +1000°F. 


FLOW AND DIFFERENTIAL PRESSURE: With mer- 
cury-type manometer and dry-type differential unit. 
LIQUID LEVEL: With bulb unit and mercury manom- 
eter and dry-type differential unit. 


HUMIDITY: Zero to 100% relative humidity. 


By rR H T *Advanced Design 
by oO L -..for Improved production through measurement and control 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
CIRCLE 87 ON READER-SERVICE CARD 
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Regulator Station Design for 
Large Customers 


Delivery of large volumes of gas (8 million SCFH) from high- 
pressure lines to steam plants and other large customers imposes 
many problems for the gas engineer in the design of regulator 
stations. This paper covers the design and selection of regulators 
from the standpoint of stability, speed of response, and vibration. 


ART FLEMING 
B. R. Jones & Co. 


ARTHUR FLEM- 
ING is an Ap- 
plication Engj- 
neer for B. R. 
Jones & Co. He 
received his 
BSME from the 
Univ. of Calif. at 
Berkeley in 1943. 
He served during 
WWII as Eng. 
Off. of a Navy 
destroyer. He 
has worked as 
piping designer 
for C. F. Braun & 
Co., and as Ap- 
plication Engi- 
neer for So. 
Calif. Represen- 
tatives of Fisher 
Governor Co. 





Meeting Notice—Thur. May |8, Rio Hondo Country Club, 
6:30 PM (dinner); 8:00 PM meeting 

Subject: Automation Comes to the Oil Field 

Speaker: Mr. Claude B. Nolte, V.P. Barton Instrument 
Corp. 








Presented at Ninth Annual Instrument Short Course, 
Los Angeles Harbor College, April 13, 1960. 


ARGE steam generating plants use up to 8 
MMSCFH (8 million standard cubic feet per 
hour) or more of natural gas flow, with inlet 

pressures varying from 150 to 500 psig. 

In considering control valves for such applica- 
tions, one basic factor is the weight of the fuel being 
handled. As natural gas weighs approximately 0.05 
lb per cu ft, a station handling 8 MMSCFH will, 
in a 24-hour period, pass the equivalent weight of 
nearly 100 carloads of coal. It is hard to visualize 
this, as natural gas is a product not seen or carried 
around in a bucket, but imagine 4 carloads of coal 
being pushed through the regulator station every 
hour. 

In addition to the large amount of product weight, 
the product is being handled at high velocities. 
Most control-valve installations of this type are 
called upon to take pressure cuts at critical or 
greater pressure drops. This means that the prod- 
uct is being handled at sonic velocities. 

The energy dissipation in a reducing station is 
iarge. Usually, energy dissipation means heat. How- 
ever, the gas man is lucky in that gas thermo- 
dynamics in regulator stations result in a cooling 
process. If not, the valve soon would be a melted 
mass of steel. Incidentally, hydrogen does heat in- 
stead of cool under some conditions, and thus pre- 
sents a problem. 

The large weight, the high velocities and the 
dissipation of energy are a challenge to the con- 
trol valve. Sometimes it shakes, jumps, squeals and 
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FIG. 1. TWO INNER VALVES that failed because 
of vibration at natural frequencies. 


howls in protest to the life it is leading. This is no 
place to use marginal equipment. Not only the 
valve but also the piping design of the station must 


be given considerable attention because of the high 
energies involved. 


Vibration Spectrum 


The protest that the inner valve makes to this 
mass velocity or momentum of gas flow is in the 
form of vibrations, including (1) pronounced ver- 
tical instability, (2) mechanical vibration, (3) nat- 
ural-frequency vibration, and (4) aerodynamic vi- 
bration caused by the gas flow. 

The most damaging effect of vertical instability 
is the resulting guidepost and bushing wear. As 
this wear progresses, horizontal vibration will start 
and the rate of damage becomes progressively 
faster. 

If the guide posts and bushings are allowed to 
wear, the impingement of the gas stream on the 
inner valve can cause horizontal vibration between 
the posts and bushings. This vibration emits a rat- 
tling or howling sound and can eventually result 
in failure of the guides as the wear rate becomes 
progressively faster. 

The vertical instability usually occurs at 30-60 
cps, which is close to the natural frequency of the 
moving parts of the control valve (the topwork, 
inner valve, spring, etc.). A vibratory movement 
of 1/32” amplitude can result in a relative move- 
ment between the post and bushing of more than 
one mile per day! 

Most valves have stainless-steel posts with hard- 
ened bushings, and the service is such that lubrica- 
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tion is poor. Anything that stops this vibration 
movement will result in better service life. Hard- 
surfacing of the posts by Stelliting, or hard chrome 
plating and the use of hydraulic snubbers, gives 
a nearly complete answer to the problem. 

Solid percent V-port (or V-pup) inner valves 
have less tendency to jump than the throttle plug 
or parabolic-style plug. However, both may give 
trouble on occasion. 

The valve is positioned by a pneumatic operator 
using a compressible medium. This operator is not 
always capable of dampening all vertical forces in 
the valve. However, the addition of an oil snubber 
provides a solid component to dampen out this 
jumping action. 

Natural-frequency vibration is caused by either 
the inner valve or some component part of the reg- 
ular station vibrating at its natural resonant fre- 
quency. This is distinguished by its sound—a single- 
pitched tone usually between 3000 and 4000 cps. 
This frequency is usually very annoying. This type 
of vibration should be corrected because it is likely 
to cause fatigue failure of the vibrating part. (Fig. 
1). 

Heating of the vibrating parts due to natural- 
frequency vibration often can be noticed. Exper- 
ience has shown that inner valves fabricated from 
symmetrically shaped parts are more apt to have 
this type of vibration. Solid castings and forgings 
with higher natural frequencies have practically 
eliminated this type of vibration. 

Aerodynamic vibration caused by gas flow is 
probably the chief source of noise and vibration in 
most control-valve installations. Most regulator sta- 
tions handle pressure reductions at critical pressure 
drops or greater, and the resultant port velocities 
are extremely high. With port velocities of 70,000 
ft/min it is estimated that the noise pressure level 
inside the valve body is about 170 decibels. The 
aerodynamic vibration spectrum is a mixture of fre- 
quencies in the octave bands 1200-2400 cps and 
2400-4800 cps. These pressure pulsations, caused by 
the sound pressure waves, are transmitted through 
the pipe until coupled to piping walls with sym- 
pathetic frequencies. The walls then vibrate and 
retransmit the sound to the surrounding atmos- 
phere. 

Although the source of aerodynamic vibration is 
at the ports, the sound appears to originate in the 
piping. This is because the valve body, with its 
heavy wall sections and high mass reactance, at- 
tenuates or subdues the sound level at the valve, 
and the pressure pulsations actually are retrans- 
mitted by the piping. Occasionally, the piping wall 
vibration is of such magnitude that fatigue failure 
will occur. Consequently the use of heavier-wall 
pipe is recommended than is necessary to contain 
the pressure of the gas. 

Another source of aerodynamic vibration is abrupt 
transitions in piping, such as entrance into headers, 
swedges, block valves, side-entrance tees, etc. 


Reduction Techniques 


Good piping design can cut down on the number 
of abrupt transitions, lessening the number of pos- 





sible vibration points. On parallel runs, the use of 
oblique-angle entrance of one run into another 
should be considered. 

Sound reduction also can be achieved by using 
acoustic absorbing material around the outside of 
the piping. Fisher's Research Laboratory has re- 
duced sound-pressure pulsation by using acoustic 
material in the flow stream immediately down- 
stream from the control valve. The acoustic ma- 
terial is held in by using strainer screen with 1/32’ 
perforations. In the lab, an 8’ pipe was used and 
the acoustic screen was extended for a 5’ length 
downstream of the control valve. This reduces the 
pressure pulsations in the flow stream and mini- 
mizes the mechanical vibration of the piping. 


Positioning 


With all that is happening in the valve body, 
a rugged operator must be provided to keep the 
inner valve in the position dictated by the pilot. 
The most common actuator used for this job has 
been the diaphragm actuator positioned by a pneu- 
matic controller, 

Large valves must use large diaphragms. As large 
diaphragms are slow acting, relays usually are 
added to speed up the response. This can add to 
the control loop lag, causing cycling on small down- 
stream systems. Such cycling normally can be stabil- 
ized by the use of a broad proportional band and a 
fast reset action, along with a slight bypass bleed 
around the relay. Using a spring range of 6-30 
eels instead of 3-15 psig also helps on the power 
end. 

More recently, the control-valve industry has 
brought out piston actuators which, by loading with 
100-150 psig air or gas, can produce more power 
and thus move the inner valve faster. Springs can 
be added to these piston operators to provide fail- 
open or fail-closed action. 


Multiple Runs 


Where one valve can't handle the load over the 
wide range of inlet pressures, multiple runs can be 
used, with two or three valves in parallel. With 
graduated sizes, a system of wide rangeability re- 
sults. Either (1) offset control or (2) split-range 
control can be used to control the valves. With 
either system, one valve commences to open as the 
preceding (smaller) valve reaches full travel. 

With offset control, each valve would have its 
own pressure controller and its own pressure set 
point, offset from the next. The proportional band 
of each can overlap. With split-range control, one 
pressure controller is used and its output signal is 
split (Fig. 2). A positioner on each control valve 
responds only to its portion of the total signal. It is 
difficult to predict which system (offset or split- 
range) would give the greatest stability and the 
narrowest total proportional band. The choice of 
one system over another is largely a matter of 
preference. 

An adaptation of split-range control has been 
used whereby motion transmitters on each valve 


FIG. 2, PARALLEL-MOUNTED 4”, 6” and 10” 
diaphragm control valves (Fisher Type 657AR) pro- 
vide wide rangeability. One pressure controller 
(Fisher Type 416OR—center of instrument panel} 
operates 3 valves on split-range signal to positioner 
on each valve; 6-30 psig loading to each diaphragm 
is used for greater stability. — 


“hale. 


FIG. 3. THREE 10” pilot-operated pressure-bal- 
anced regulators (Fisher Type 885A) in parallel are 
shown at left. These offer fast response, close con- 


trol with good stability, and no bleed gas to the 


atmosphere. Three 10” diaphragm control valves 


(Fisher Type 657AR) are being used at right as 


pilot-operated monitor regulators. 


open or close the control signal to the next valve 
at predetermined travels. For instance, at 85% lift 
the next larger valve is put in operation; at 15% 
lift that valve is taken out of operation. When the 
second or third valve is put in operation, the first 
and second valves throttle back. The valves that 
are in service operate in unison from the same sig- 
nal from one controller. Aithough somewhat more 
complex than offset or split-range control, this sys- 
tem works well. 

Pilot-operated pressure-balanced regulators, such 
as Fisher Type 885 (Fig. 3), offer another 
means of control; it is felt by many that this system 
will provide greater stability. Regulators of this type 
are more-or-less half pilot and half direct-acting. 
When you get a pressure change in the downstream 
system, you immediately get corrective action on the 
main inner valve because that pressure change is 
applied to the main-valve diaphragm. The pilot 
then comes along and finishes up the job. The inner 
valve isn’t forced to wait for the signal response 
to proceed through a controller loop. The result is 
fast response with narrow proportional band and 
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kee 


FIG. 4. THREE 8” expansible-element regulators 
(Fisher Type 282-6310H) in parallel. These offer 
fast response, good stability, no atmosphere bleed 
and a compact installation. 


great stability. Another bonus is that there is no 
instrument bleed to the atmosphere. 

The expansible-element regulator (Fig. 4) is 
also a pressure-balanced device, but the main valve 
(the expansible element itself) tends to open as the 
downstream pressure increases, which is just the 
opposite from the normal pressure-balanced device 
(and the opposite from what is desired). For this 
reason, a very stable pilot system must be used. 
However, this is a close-coupled system without 
the lag of an instrumented system, and stable con- 
trol normally can be achieved, along with fast 
response. 


Overpressure Protection 


Overpressure protection usually must be tailored 
for the specific job. Shut-off valves, relief valves, 
monitor regulators and two-stage pressure reduc- 
tion all have been used. 

Monitoring and two-stage reduction seem to be 
the most popular solutions. Where space is limited 
and it is necessary to have the two sets of regulators 
short coupled, it might be best to protect the sys- 
tem by monitoring. This is because it might prove 
difficult to get stable control with a primary reg- 
ulator sensing the pressure in the small volume be- 
tween the two regulator stations. 

If plenty of room is provided between the first 
and second stage (whereby stable primary control 
can be realized), a two-stage reduction provides an 
easier life for each regulator station. 

If conditions are satisfactory for both systems, 
cost would probably be the deciding factor. With 
both systems, each regulator must be able to with- 
stand the maximum upstream pressure; so cost 
would be equal from this point. However, there 
may be sizing differences which could greatly in- 
fluence pricing, depending on what pressure drops 
are decided upon, and on the minimum inlet pres- 
sure to the station. 


Start-up Impurities 
One final point, and an important one—the pur- 
chase order for regulators normally specifies a given 
flow rate of natural gas. It doesn’t mention the mix- 
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ture of gas, welding slag, dust, sand, pipe scale 
and glass that often is encountered during the 
initial phases of pipeline operation. (The appear- 
ance of some of the inner valves and other internal 
parts makes one think that perhaps they are actually 
handling the four carloads of coal per hour used 
in the previous analogy.) This foreign material 
normally disappears after the first few weeks of 
operation but, by this time, a lot of damage can 
be done. Chrome-plated or completely Stellited sur- 
faces can resist this attack better than stainless 
steel, but this isn’t specified normally because of 
the extra cost. However, it is often less expensive 
in the long run to protect parts in this way. 

A better approach would be to filter out the 
foreign material ahead of the regulator station. This 
is often done on smaller stations, but it isn’t done 
on the large high-pressure stations because of the 
high cost of the filters. It has been proposed to use 
temporary high-pressure filters at start-up, and then 
move them to some other location later for another 
start-up. 

Another approach might be to hand-control the 
station with the block valves (while the regulators 
are wide open), or through the bypass (with the 
regulators closed) for a day or so, to reduce this 
initial wear from abrasive particles. Experience has 
shown that a short blow to the atmosphere (which 
is normally made) is not sufficient to clear the 
line, and the normal pigging operation doesn’t pick 
up the foreign particles. 
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A loan fund to aid engineering students at Cali- 
fornia State Polytechnic College, Pomona, has been 
established by the Southern California Meter Associa- 
tion. Available for students at the Pomona campus of 
Cal Poly, the fund will have initial assets of $750, ac- 
cording to meter association president J. Marvin 
Lange. Awarded on a combined basis of merit and 
need, the fund is available either as (1) short term 
loans to assist students experiencing temporary finan- 
cial need, or (2) as larger loans to enable students to 
finance their education. Photo shows Mr. J. T. Cortel- 
you (right), Chairman of the SCMA Loan Fund Com- 
mittee, presenting check to H. T. Skamser, Dean of 
Engineering of California State Polytechnic. J. Marvin 
Lange, President of the SCMA, is at left. 





The general-purpose EDA (Electronic Differential 
Analyzer) is usually a real-time analog computer. 
The EDA with repetitive operation presents succes- 
sive solutions to a problem as parameters are varied. 
The iterative differential analyzer (IDA) uses itera- 
tive or numerical techniques to simulate the prob- 
lem, permitting a broader range of mathematical 
tools to be used in attacking the problem. Iterative 
operation (IO) makes the IDA the most sophisticated 
and flexible analog computer ever developed. The 
EDA can be converted into an IDA simply by a 


change of control console. 


Dr. Max Gilliland 
Beckman/Berkeley Div. 


The Iterative Differential Analyser 


HE DIFFERENTIAL ANALYZER (analog 

computer) directly integrates differential 

equations—this is the reason it was developed. 
Although various types of analog computers have 
evolved, most design effort has centered around the 
electronic differential analyzer (EDA) because 
electronic techniques are more sophisticated than 
mechanical techniques. Although the mechanical 
differential analyzer can integrate with respect to 
a dependent variable (whereas both the direct ana- 
log computer and the electronic differential analyz- 
er permit integration with respect to only one in- 
dependent variable corresponding to machine time), 
today it is an obsolete and seldom-used machine. 
Although a significant number of direct analog 
computers are in operation, their range of applic- 
ability is seriously restricted by their innate inability 
to simulate non-linear phenomena. The electronic 
differential analyzer, however, containing many 
non-linear machine elements, is suitable for the 
simulation of many such processes. 


Analog Versus Digital Factors 


The analog computer has two distinct advantages 
over the digital computer—(1) capacity for rapid 
problem solution, and (2) ability to integrate. Al- 
though the modern digital machine with large stor- 
age capability, high-speed arithmetic units and 
accompanying problem-oriented language (such as 
FORTRAN) is a powerfull tool for the evaluation of 


a specific mathematical model, generally the ana- 
log machine is still superior as a design or synthesis 
tool due to its computation speed and flexibility. 

The digital computer cannot integrate. Conse- 
quently, approximate integration is carried out with 
a digital machine, using numerical techniques. 
However, when such techniques are used in the 
approximate integration of differential equations, 
serious problems arise. 

Usually, the EDA is not suitable for the im- 
plementation of statistical studies because, due to 
the high accuracy normally required of its compo- 
nents, a restricted bandwidth has been imposed 
on the machine. Some analog manufacturers pro- 
vide a machine with considerable bandwidth to 
satisfy this and similar requirements. However, a 
decrease in computation accuracy accompanies an 
increase in bandwidth. Consequently, the same ma- 
chine generally can not serve both purposes. 

In the past, analog computation has suffered from 
the requirement for redundant non-linear hardware 
and, more important, the inability to utilize iterative 
or numerical techniques. Recently, however, a new 
electronic differential analyzer with an iterative- 
operation mode® has evolved. In this machine the 


*Although the term “repetitive operation” enjoys com- 
mon usage in the field, the function of this new com- 
puter is more appropriately described as iterative op- 
eration. 
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inclusion of just one additional element, the inverse 
or complementary integrator, as well as more so- 
phisticated control logic, has significantly increased 
the efficiency of hardware usage and expanded the 
simulation capability. Both incremental and con- 
tinuous computation techniques can be used simul- 
taneously. Further, both standard- and extended- 
bandwidth computation equipment can be used 
together in the same machine. These features now 











largely obviate the past computational limitations 
noted. 
teas The new machine to be described is called the 
| ][DA—iterative differential analyzer. The IDA re- 
Be | tains all the previous advantages of the EDA and 
; o—- , 4 >——also can function as an analog version of a digital 
/ |’ 1 computer. Essentially, a hybrid (analog-digital ) 
‘ , 4, , mathematical model can be used to describe 
~ physical problems. This article explains the features 
e Z ne ee of the typical IDA, and how its hardware pro- 
FIG. |. Integrators and memories of an IDA, show- vides this new capability. 
ing function, symbol and mode duty cycle. Top line The IDA Principle 


§ shows normal integrator; ff is complementary in- 
tegrator; M is normal memory with IC input; M is 


The IDA differs from the EDA only with respect 
to control capability. Both the EDA and IDA con- 
tain integrators, summers, multipliers, dividers, 
function generators and decision-making modules 
as arithmetic elements. 

Aside from more sophisticated control, only one 
new element is included in the IDA. This element 
is called a complementary (C) integrator. Basically, 
a complementary or C-integrator differs from the 
normal or N-integrator only with respect to the 
mode condition (Fig. 1). 

The C-integrator generally finds application dur- 
ing repetitive (iterative) operation of the computer. 

Fig. 1 shows the duty cycles of both the normal 
(N) and complementary (C) integrators during 
iterative operation. Note that whenever an N-inte- 
grator is in the compute mode, a C-integrator is in 
the initial-condition IC mode, and the converse 
(with the exception of the first cycle). Obviously 
the C-integrator cannot remain in the compute 
mode when the IDA is reset because initial con- 
ditions which are established for the N-integrators 
may cause the C-integrators to overload. Thus, 
initially, when the N-integrators are in the initial- 

! ! condition mode the C-integrators are in the hold 
nnn, | i; | Srarmmurrnnte mode. The C-integrators can be reset in the pot-set 
' mode. A standby switch is provided so that both 
the N- and C-integrators can be put in the initial- 
condition and hold modes, respectively, when the 
computer is operated manually. From the mode 
logic it is seen that during IO, data computed by 
the N-integrators can be used as initial conditions 
for the C-integrators, and vice versa. 
5 ‘ Thus, a computation may be carried out which 
Rioil aioe is described by two different sets of equations where 
the initial conditions for each depend on previously 
FIG. 2. INTEGRATOR with associated contro! re- computed data from the other. 
lays (top). Graphs show duty cycle of relays — 


10. Top graph shows normal logic; bottom grap 
shows complementary logic. E means energized; Programming Symbols and Mode Duty Cycles 


D means de-energized. Relays are normally de- Fig. 1 shows programming symbols used to de- 
energized. note the integrator functions, as well as their use 


complementary unit with IC input. 
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as memory units. If the only input to an N-inte- 
grator is a time varying voltage applied to the IC 
terminal, then the N-integrator will “learn” or track 
this voltage during the initial-condition mode, and 
hold or retain its value during the compute or hold 
modes. Thus, an N-integrator can be used as a 
memory. 

Similar operation of the C-integrator provides a 
complementary memory. All other arithmetic mod- 
ules in the IDA are independent of the mode condi- 
tion during iterative operation. 

We see from Fig. 1 that the N- and C-integrators 
can be used as normal and complementary mem- 
ories with the proviso that no input be applied to 
the resistors connected to the summing junction. 
Thus, as shown, the N- and C-memories are es- 
sentially either in the initial-condition or the hold 
modes. 


Implementation 


Fig. 2 shows an operational amplifier being used 
as an integrator, together with its associated net- 
works and control relays. The accompanying graph 
of relay duty cycles indicates the condition of these 
relays during iterative operation for an N- or C- 
integrator. 

In contrast to previous practice, all these relays 
must have high operating speeds with adequate 
tracking. It is sometimes desirable to replace the 
I-relay with a solid-state switch so that iterative 
algebraic calculations can be performed at a high 
iteration rate. 

The IJ terminal (which appears on the patch- 
board) can be connected to a spare resistive net- 
work to provide a capability for summing inputs 
to an integrator used as a memory. The F relay and 
the C terminal on the patchboard are used only in 
conjunction with a high-speed initial-condition mod- 
ule. The F relay is of the Form B type and is 
energized by inserting a pin into the appropriate 
hole in an auxiliary control pinboard. 


Patchboard 


Fig. 3 shows a simplified IDA integrator-summer 
patchboard configuration. The block of 15 terminals 
to the left makes available three resistive summing 
networks. Two of these are connected to amplifiers 
02 and 03. Their common terminals are denoted 
by SJ. The remaining network is a spare, and its 
common terminal is denoted by J. If desired, the 
spare can be used in conjunction with the IJ ter- 
minal to sum inputs to the normal or complementary 
memories, as mentioned. 

A pin can be inserted into one of the f, HG, or f 
terminals to use the amplifier pair as N-integrators, 
high-gain amplifiers or C-integrators, respectively. 
If none of these three terminals is pinned, then the 
pair is used as summers. In an expanded IDA this 
control feature is implemented with an auxiliary 
control pinboard, thus significantly decreasing the 
number of patchboard holes required for control. 

The application of 24 volts d-c to the S terminal 
























































FIG. 3. INTEGRATOR-SUMMER patchboard con- 
figuration. Summing networks are at left (I, 10, 
SJ, J); C terminals are used only with the high- 
speed IC module. | and S are for control of the 
| relay. 








FIG. 4. SIMPLIFIED CIRCUITS for three basic in- 
tergator modes—|, H and C—to achieve high- 
speed IC. 


energizes the I-relay. For normal operation this 
terminal is connected to the I terminal which comes 
from the initial-condition bus. This arrangement 
provides a convenient means for the arbitrary con- 
trol of the I-relay. Again, this operation is usually 
implemented from the control pinboard instead of 
the patchboard. The C terminals are used only in 
conjunction with the high-speed initial-condition 
module. 


High-Speed Initial Conditions 


For iterative operation, a hold interval is pro- 
vided between each pair of initial-condition and 
compute intervals (Fig. 1). This is done to allow 
sufficient time for information transfer between N- 
and C-integrators. The hold interval is chosen to 
be ten times the time constant of the integrator in 
the initial-condition mode. 

If an integrator is used as a memory and is re- 
quired to retain information throughout a consider- 
able number of iterative-operation cycles, then in- 
tegrator drift can become a problem. Sometimes 
this drift leads to inaccurate computation, depend- 
ing on the numerical character of the mathematical 
model being implemented. Consequently it may be 
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FIG. 5. HIGH-SPEED initial-condition-module patch- 
board layout (A). Terminals connect to the |’ and |’ 
relays (Bj. Duty cycles of |, I’ and I’ relays are shown 


at C. 


desirable to use a larger time-constant, obtained by 
using a larger capacitor for the memory integrator. 
When this is done, the accurate transfer of informa- 
tion during the hold interval requires a different 
type of initial-condition circuit (Fig. 4). 

Fig. 4 shows a simplified version of the high- 
speed IC circuit, together with the passive element 
configuration used in both the hold and compute 
modes. With the l-yf integrating capacitor, a time 
interval of only 60 milliseconds is required to estab- 
lish an initial-condition voltage to within 0.005%. 
This is accomplished by utilizing the entire current 
capability of the amplifier to charge the integrator 
capacitor through a 0.006-megohm resistor. A stand- 
ard integrator can be converted to include this fea- 
ture through the use of a high-speed initial-con- 
dition module, as follows: 


The High-Speed IC Module 

Fig. 5A shows the high-speed IC-module patch- 
board layout. In order to use this high-speed IC 
feature, the auxiliary control pinboard is utilized. 
Connections then are made from the module ter- 
minals to the corresponding terminals of the in- 
tegrator pair (the I, S terminals will appear on the 
control pinboard in an expanded machine). Of 
course, the module may be wired internally if de- 
sired. 

The internal details of this device are shown in 
Fig. 5B. Comparative duty cycles are shown for the 
I’ and I’ relays* in 5C. Timing is accomplished 
*The bar over a symbol or letter is analogous to the 
NOT symbol used in symbolic-logic terminology. 
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FIG. 6. TYPICAL control unit for an EDA. 


by special circuitry in the module. Note that when 
the I’ relay is energized and the I’ relay is de- 
energized, the fast-IC circuit shown in Fig. 4 is 
provided. When these relays are in the opposite 
state, the integrators are in the hold condition. 
Fig. 6 shows a typical control unit for an EDA. 
Manual machine operation is implemented with the 
use of switches. A precompute switch provides a 
5-second delay between compute command and 
execution. The computing elements can be placed 
under IO control by patchboard quadrants, or even 


smaller patchboard regions if desired. When the 
control pinboard option is provided, integrators 
may be placed under IO by pairs. Manual control 
of the C and C relays may be implemented with 
this pinboard. Thus, amplifier mode condition can 
be controlled by some dependent variable. 


UIO and PIO 


Two types of iterative operation control equip- 
ment are available—UIO and PIO. The UIO (utility 
iterative operation) and PIO (precision iterative 
operation) units are mutually exclusive options. 
Either is controlled from a panel near the main 
control unit. 

With UIO both the compute and initial-condition 
intervals are continuously adjustable from % to 30 
seconds. The hold interval is fixed at one second. 
An iterative-operation switch initiates the IO cycle 
and bypasses the precompute switch. 

The PIO unit (Fig. 7) sets the hold interval equal 
to a time base which may be 0.01, 0.1 or 1.0 second. 
The initial-condition and compute intervals can be 
set independently to an integral multiple of the 
time base (ranging from 1 to 99) with their respec- 
tive thumb switches. The iterative-operation switch 
initiates the IO cycle through a master cycle con- 
trol clock. The compute-stop and IC-stop switches 
command the computer to remain in the respective 
hold modes, at the end of the next compute or IC 
intervals. This provides a convenient method of 
temporarily interrupting an iterative computation 





FIG. 7. PIO unit. 


to observe or record voltages in the computer. The 
compute coincidence switch accepts a hold com- 
mand from an external source and bypasses the 
internal hold command. The IC coincidence switch 
performs the same function with respect to hold 
command at the end of the IC interval. 


Nested JO 


Some numerical techniques require the use of 
nested iterative operation. That is, some iterative 
calculation will depend on input data which in 
turn are calculated from some iterative process 
which is proceeding at a much higher IO rate. For 
example, this technique can be used for the evalua- 
tion of a multiple integral. 

In order to implement nested IO, use is made of 
slave cycle-control clocks. Each slave is driven by 
its predecessor. Thus, the first slave is driven by 
the master clock, the second slave by the first, and 
so on. The slave clock has a time-base-multiplier 
thumb-switch which sets its time base equal to an 
integral multiple of the time base of its predeces- 
sor, ranging from 1 to 99. Slave IC and compute- 
interval thumb switches independently set these 
intervals to an integral multiple of the slave time- 
base ranging from 1 to 99. Amplifiers are controlled 
from slave clocks by groups. The master clock 
oscillator can either provide IO up to a 25-ke itera- 
tion rate, or be controlled externally. 

If a high-frequency drive is used to control the 
master clock, it is necessary to use solid-state switch- 
ing in the integrator initial-condition circuits. This 
type of control sometimes provides increased flex- 
ibility for nested iterative operation. 


Automatic Time Scale 


An automatic-time-scale option can be provided 
with both PIO and UIO to speed up the computa- 
tion by a factor of ten. The IDA has a far more 
flexible integrator-capacitor selection system under 
time-scale control than did the EDA. EDA time- 
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FIG. 8. OPERATIONAL AMPLIFIER with time- 
scale and iterative-operation capacitors. Additional 
capacitors can be added as desired. 
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FIG. 9. PATCHBOARD use for manual selection of 


integrator capacitor. 


scale capacitor switching was accomplished with 
a form-C relay. Because of space limitations it was 
necessary to switch these capacitors by oven tray 
groups rather than individually. For the IDA in- 
tegrator, however, capacitors can be switched by 
amplifier pairs with form-A reed relays. 

Fig. 8 shows an operational amplifier with as- 
sociated time-scale and iterative-operation capaci- 
tors. Note that additional special capacitors can be 
added as desired. 

Integrator-capacitor selection is accomplished 
either automatically or with patchboard wiring. 
The patchboard arrangement for manual capacitor 
selection is shown in Fig. 9. Without patching, the 
integrator capacitor is selected automatically by the 
PIO control unit. As may be seen in Fig. 9, any of 
four different capacitors can be selected arbitrarily 
for certain amplifier groups, depending on the time- 
scale condition. When the auxiliary control pin- 
board option is provided, manual selection is made 
from the pinboard for integrator pairs. 

Table 1 indicates the value of the integrator 
capacitors automatically selected as a function of 
both the time-scale condition and the position of 
the time-base switch for computers with time-scale 
option. 


TABLE I—AUTOMATIC CAPACITOR SELECTION 
WITH TIME-SCALE OPTION 


TIME BASE 
SWITCH SETTING 
EXT 


TS 
CAPACITOR 
0 


1.0 : 0.1 
0.1 ‘ 0.01 
0.01 ; 0.001 


N 
CAPACITOR 
0 
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experience in depth...computing, plotting, 
instruments, systems, process control 


HIGH 

ACCELERATION PLOTTER 
The EAI Model 1100E VARIPLOT- 
TER® combines high acceleration, 
velocity and long term repeatability 
to assure outstanding dynamic per- 
formance in x-y analog plotting. In 
addition to this excellent accuracy 
and proven reliability the 1100E 
provides high input impedance to 
assure unmatched performance in 
laboratory and plant use. 


Features cf special interest include: 


® Static accuracy—0.075% 
® Arm acceleration of 
250 inches/sec.? 
Pen acceleration of 
750 inches /sec.? 
Slewing speed—20 inches/sec. 
High input impedance up 
to 1 megohm/volt 


11 x 17 inch plotting area 
= Compact, rugged construction 
Accepts differential inputs 


Available with continuously 
variable scale factor 

In addition, a full line of acces- 
sories makes the EAI Model 1100E 
VARIPLOTTER a fully flexible 
engineering tool . . . timebase gen- 
erators ... function generators... 
symbol printers ... digital input 
keyboards. 

Write to Department 24 for com- 
plete details on how the Model 1100E 


VARIPLOTTER can save you costly 
engineering time. 





ULTRA FAST AND 
ACCURATE ELECTRONIC 
MULTIPLIERS Part of a new 


generation of electronic multipliers, de- 
signed and developed by EAI, the new 
Multiplier Model 7.036 combines un- 
usually wide bandwidth with high static 
accuracy. 


Virtually maintenance-free, the 
Multiplier 7.036 utilizes a unique 
quarter-square technique that achieves 
high static multiplying accuracy without 
the usual resulting deterioration of fre- 
quency response. Diode function gen- 
erators develop the square quantities 
from x and y imputs, eliminating the 
need for internal amplifiers. 
Here are the outstanding features of this 
new multiplier: 
® Outstandingly low output noise— 
20 millivolts maximum 
® Solid state design insures 
reliable operation 
Holds calibration for extended 
periods 
Frequency response — over 20 ke 
Static accuracy 0.04% — 
Zero error 0.01% 
Drift-free, internally 
temperature-compensated 
Can be added to expand existing 
systems without modification 
For specific details on the EAI Multiplier 
7.036, write to Department 25. 





DIGITAL PLOTTING— 
WITH ACCURACY 
AND LOW COST Dramatic im- 


provement in the accuracy of 11 x 17 
inch X - Y plots of digital data is now 
available with EAI Series 3100 DATA- 
PLOTTER. The low cost of this instru- 
ment makes available a rapid and eco- 
nomical substitute for laborious hand 
plotting 


Outstanding features of EAI Series 3100 
DATAPLOTTERS include: 
m System accuracy up to 0.175% 
of full scale 
® Punched card, tape or keyboard 
input 
® Plotting speeds up to 80 points 
per minute 
® Provisions for “off-board” origin 
= Compact, self-contained single 
cabinet design. Punched 
card reader external. 
= Adaptable to any computer system 
® Accepts analog as well as 
digital inputs 
Transistorized control circuitry insures 
high-speed, accurate, reliable operation. 
The EAI Series 3100 DATAPLOTTER 
makes readily available a low-cost tool 
for fully exploring experimental design 
problems. It is particularly applicable 
in data reduction and instrumentation 
installations. As a management tool, it 
is valuable for the conversion of com- 
puter intelligence to graphic representa- 
tion of sales, production and cost data. 
For details on the Series 3100 DATA- 
PLOTTERS, write to Department 26. 


Career Opportunity for Engineers— Graduate or advanced degrees in EE, 
Physics, Math—call or write Gordon Strout, Director-Personnel 
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Bits 





This month the Newsletter gives 
you the word on the Western Simu- 
lation Council’s meeting of last No- 
vember on “Methods of Preflight and 
Postflight Simulation”’—(1) L. K. 
Yoskowitz, “Pre- and Post-flight 
Simulation” and (2) R. L. Wolpert, 
“Automatic Computer Application to 
Northrop T-38 Inertia-Roll Coupling 
Analysis.” 

Also included for our readers’ edi- 
fication is an account of the South- 
eastern Simulation Council’s meeting 
of last November, with abstracts of 
(1) Fred Shaver, “Development of 
a Practical High-Speed Digital Sim- 


ulator,” (2) R. C. Nichols and J. B. 
Bailey, “Analytical Description and 
Simulation of an Automatic Telem- 
etry Tracking Antenna System,” (3) 
V. R. Brenes, R. W. Lanzkron, 
and W. Lee, “Analog and Digital 
Methods for Analyzing and Compen- 
sating Missile Control Systems” 

SCI Activities completes this 
month’s issue. Sorry, but we have no 


Thots!* 


*Except to hope that you will want 
to join the Simulation Councils, if 
you haven’t already done so. See the 
application blank at the end of this 
month’s Newsletter. 





Pieces 





WESTERN S/C MEETING OF 10 NOV 
ON PREFLIGHT AND POSTFLIGHT SIMULATION 


Lee Ohlinger, Chief of Comput- 
ine and Datamation Center of the 
NORAIR Division of Northrop Air- 
craft (Hawthorne, Calif.) was host 
for the 10 November 1960 meeting of 
the Western Simulation Council. Sub- 
iect of the meeting was “Methods of 
Preflight and Postflight Simulation”. 

We were not able to attend this 
meeting, but thanks to a request by 
Hans Meissinger we have received 
the following two abstracts. 


Yoskowitz (Lockheed Aircraft, 
Sunnyvale) on Pre and Post- 
Flight Simulation 


OBJECTIVES 


Pre-Flight Simulation provides 
the means for checking the effects of 
launch environmental conditions. 
These conditions can be: 

a. Winds at the launch site. 

b. Missile angular rate and dis- 
placement command signals af- 
fecting launch recovery. 

. Effects of gain change in the 
control loop. 

. Effects of components response 
variation on missile controlla- 


bility. 


e. Change of an airborne pro- 
gramming device. 


Post-Flight Simulation (1) pro- 
vides the means for investigation and 
determination of undesired operation 
during a test flight. (2) Permits cor- 
rection of a simulation by compar- 
ing flight-test data with parameters 
used in the simulation, e.g., thrust 
versus time. 


SIMULATION METHODS 


Simulation—“To assume the ap- 
pearance of, without the reality; to 
feign.” 

All of the following methods may 
be used for pre- and post-flight simu- 
lation: 

a. All analog. 

b. Combination analog and flight 

hardware. 

c. All digital. 

d. Combination analog and digital 

computer. LMSD has not used 
this method. 


Each of the simulation methods has 
a merit that is usually unique, the 
method used being a function of the 
specific problem type. For example, 
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the all-analog approach permits one 
to operate completely independent 
of any hardware and its support 
equipment, or to operate in non-real 
time if necessary. In addition, it is 
imperative that an all-analog simu- 
lation be available in order to in- 
vestigate the effects of a hardware 
malfunction. In more than one case, 
it would be too time-consuming and 
expensive to deliberately modify a 
piece of flight hardware to simulate 
a hardware defect. General examples 
to illustrate the point are given: 


1. Loss of damping fluid in a gyro. 

2. Obtaining an intermittent con- 
dition such as a short or open 
internal to the hardware. 

. Deriving a certain drift char- 
acteristic in a gyro. 

. Producing a desired deadband 
in the hardware. 


The combination analog and flight 
hardware method provides at least 
one benefit in that the hardware non- 
linearities are inherently included. 
Not that non-linearities could not be 
included in an all-analog, but to do 
so would require a definitive knowl- 
edge of the non-linearity. Malfunc- 
tions can be deliberately inserted in 
the hardware and the effect noted. 
A factor that may appear to be su- 
perficial is one that requires the 
simulation flight hardware to be like 
that flight-tested. It is easily possible 
for changes to be made to flight 
hardware that are not reflected in 
the simulation hardware. 

The all-digital simulation serves a 
unique function in that repeatability 
and accuracy capability of the digital 
computer are utilized. That portion 
of the iridustry devoted to study tra- 
jectories and the effect of missile sub- 
system accuracies on these trajec- 
tories requires the digital computer. 
Information derived is used as a cri- 
terion for the analog type methods. 

The hybrid analog-digital method 

one which is not used in the Polaris 
Project appears to provide the opti- 
mum in a simulation technique. The 
apparent beauty of this method is 
found in the division of simulation 
responsibility according to frequency 
content of the information operated 
on and the required accuracies. 
Quantities related to transformations, 
mass center motion, variation in air 
density lend themselves to solution 
by the digital computer; other quan- 
tities related to dynamics, autopilot 
and thrust vector control units are 
better done on the analog computer. 
Associated with the hybrid method 
is the requirement for communica- 
tion between the computers. Basically, 
the link normally provides the bi- 


Page 682 


lo i ae 


PILOT PERFORMS ROLL”! 
& DATA IS RECORDED, 


Au..’ 


PRE FLIGHT ANALYSIS 


PREVIOUS STEP 


GATA REOUCTION 


(a) FLT TEST TRACES READ 
(6/DATA PUNCHED ON CARDS 
()DATA PRINTED 


POST FLIGHT ANALYS!3 
TED ON 


COMPUTER CAN MATCH 
se 


FIG. 1. Post-flight and pre-flight analyses. 


lateral capability of analog-to-digital 
and digital-to-analog conversion. 

We are initiating an investigation 
to determine whether the Polaris 
Simulation Laboratory can realisti- 
cally benefit by using a hybrid simu- 
lation. 


Richard Wolpert (Norair) on 
“Automatic Computer Applica- 
tion to Northrop T-38 Inertia- 
Roll Coupling Analysis” 


Two computers, one digital and 
one analog, have been mechanized in 
the NORAIR Computing Facility to 
investigate inertia-roll coupling phe- 
nomena of the Northrop T-38 Super- 
sonic Trainer. This coupling phe- 
nomenon occurs during the perform- 
ance of a rolling pullout maneuver 
and can, under certain conditions. 
cause large loads on the aircraft. The 
computer study is being performed in 
conjunction with a flight-test pro- 
gram to determine whether it is safe 
to perform rolling maneuvers in the 
T-38 throughout the flight envelope. 

At each flight condition selected for 
investigation, a series of maneuvers 
is performed. The sequence of this 
series involves, first, doing the more 
moderate (or safer) rolling pullout 
maneuvers, and gradually progress- 
ing to those maneuvers which are 


less safe (large trim load factors at 
the time of roll initiation). 

As indicated by Figure 1, the com- 
puter simulates each run that is per- 
formed by Flight Test (Post-flight 
Analysis). Any disagreements be- 
tween the simulator run and the ac- 
tual flight-test run must be explained 
before proceeding with the test pro- 
gram. Any changes (modifications of 
predicted aerodynamic data), which 
must be made in the simulator to 
make computer data match flight-test 
data then are used to predict the con- 
sequence of the discovered changes at 
the next scheduled maneuver (Pre- 
flight Analysis). Should the com- 
puter result of this prediction be 
satisfactory, the next scheduled ma- 
neuver is cleared for flight test. 

Some advantages of employing a 
two-computer approach: 


1. The machines provide a check 
for one another. 

2. A second approach is available, 
should one of the computers be- 
come unavailable. 

. Each computer has special ap- 
plication to certain types of 
analysis. 

. The availability of two comput- 
ers speeds up the flight-test 
program. 





SOUTHEASTERN S/C MEETING OF 11 NOV. 





The Southeastern Simulation Coun- 
cil met at ARO, Inc. (Arnold Engi- 
neering Development Center, Tulla- 
homa, Tennessee) on 11 November 
1961. We have no info on the first 
paper of the program, “Limit Cycle 
Phenomena Experienced in Missile 
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Nose Cone Testing’’ by Dick 
Lowndes (ARO, Inc.), but thanks 
to Jim Tootle, Secretary of the 
Southeastern Council, we are able to 
give summaries of the other three 
presentations. 





ROBERT C. NICHOLS has 
B. A., Mathematics, Carson- 
Newman College, Jefferson 
City, Tennessee, 1951; B.S.E.£., 
University of Tennessee, 1959. 
He is Electrical Engineer with 
Dynatronics, Inc., Orlando, 
Florida, ancl has been responsi- 
ble for analysis of positioning 
servo system for 60' parabolic- 
dish automatic tracking anten- 
nas, including low pass filters, 
manual slew controls, and servo 
compensation networks. He has 
participated in the analogue 
computer simulation of the po- 
sitioning servo system for auto- 
matic tracking antenna systems, 
and is member of IRE, Etta 
Kappa Nu. 


Shaver on Digital Simulator 


Second paper on the program was 
“Development of a Practical High- 
speed Digital Simulator” by Fred 
Shaver (Marshall Space Flight Cen- 
ter, Huntsville, Ala.). It described 
the general philosophy used in in- 
corporating the digital-differential- 
analyzer modules (integrators, con- 
stant multipliers, variable multipliers, 
AY summers, and servos) developed 
by Packard-Bell Computer Corpora- 
tion into a practical computer or 
simulator. An abstract follows: 

These P-B modules operate with a 
clock frequency of 3.0 MC, 30-bit 
registers, and 100-Kc iteration rate. 
The goal was to make the operating 
and monitoring controls as nearly 
like those of an analog computer as 
possible. Decimal read-in and read- 
out as well as decimal display of all 
registers was a primary requirement. 
This was accomplished by the design 
of a Code Converter by Packard-Bell. 
Since each unit used in a problem 
must have an initial setting in its 
registers, paper tape input of initial 
conditions as well as manual input 
was required. An Electronic Associ- 
ates type patchboard was used, with 
patchboard layout in module form. 
Six identical sections each provide 
terminations for 8 integrators, 4 con- 
stant multipliers, 1 variable multi- 
plier, 2 servos, and 2 AY summers. 
Dual patching is required; both ex- 
istence and sign must be patched. 
Contact troubles are more prevalent 
than in an analog computer because 
of the high-current, low-voltage cir- 
cuitry. 





SIMULATION 
COUNCIL ba 


The principal output is through 
digital-to-analog converters to conven- 
tional analog plotters or recorders. 
It is possible to punch out one vari- 
able at a time on paper tape which 
can be printed with an off-line Flexo- 
writer. 

Some special features specified and 
incorporated include: 

(1) A slow iteration rate is pro- 
vided for trouble shooting and for 
slowly varying coefficients during 
repetitive operation. 

(2) Selective or total reset of units 
from an overflow signal or other 
command. 

(3) Overflow alarm and optional 
automatic halt (hold in analog lan- 
guage). 

(4) Read-in of initial conditions 
from tape on programmed command; 
this permits simple artitrary function 
generation. 

After an initial rash of transistor 
failures, reliable operation has been 
achieved. Some test problems have 
been run successfully, and the capa- 
bilities of the machine are being ex- 
pored. 


Nichols and Bailey on Telemetry 
Tracking Antenna System 


The next presentation was “Ana- 
lytical Description and Simulation of 
an Automatic Telemetry Tracking An- 
tenna System” by R. C. Nichols 
(Dynatronics, Inc., Orlando, Fila.) 
and J. B. Bailey (Martin Company, 
Orlando, Fla.). A summary follows: 

In 1959 Dynatronics, Inc., under 
contract with the U. S. Navy, under- 
took the development of an automatic 
telemetry tracking antenna system. 
The military specifications called for 
the system to have a rather high 
velocity constant of 60 and an an- 
tenna gain of 30 db. The high an- 
tenna gain led to the use of a 60-foot 
parabolic reflector with the R-F feed 
assembly mounted at the focus. This 
assembly consists of R-F equipment 
and a conical scanning system de- 
signed by Dynatronics, Inc. The scan- 
ning system rotates at 600 rpn and 
conically nutates the antenna beam 
to obtain an error modulation. 

The azimuth and elevation drive 
assemblies consist of two reliance 
Electric and Engineering Co. 20-hp 
motor-generator sets. These assem- 
blies are conventional Ward-Leonard 
systems with the generator excitation 
supplied by transistorized magnetic 
amplifiers. This system is designated 
as the velocity servo and has both 





tachometric feedback and terminal 
voltage feedback for stabilization. 
The velocity servo is mechanically 
connected to the antenna through a 
gear box which is an integral part of 
the antenna tower. 

The amplitude-modulated R-F 
signal is conected to the velocity 
servo by means of a demodulator and 
filter and a position amplifier which 
supplies the correct equalization for 
obtaining the desired Velocity Con- 
stant, K,. 


Design Considerations 


Previous studies available to Dyna- 
tronics included only the antenna 
inertia, referred to motor speed, as a 
load for the servo system. The effects 
of compliance and viscous damping 
had not been considered further than 
a calculation of their orders of magni- 
tude. The effects of wind-load torques 
on the over-all system performance 
were known only from linear mathe- 
matical analysis. The combined ef- 
fects of these parameters and the 
range over which they could safely 
be allowed to vary made a fairly com- 
prehensive study important. 

For a system with this high a K,, 
it was felt that non-linear components 
and their effects could not be ne- 
glected. Of particular concern were 
the effects of saturation and limiting. 
Also, a standard feature of this drive 
system is a current limiting device 
which is necessary to protect the 
motors at high wind loads. 

Since these types of non-linearities 
do not lend themselves to analytical 
procedures, the decision was made 
to utilize an analog computer to de- 
sign the position amplifier. A sec- 
ondary, but important, benefit was 
the familiarity with the system that 
one would gain by taking such an 
approach. 


Equations of Motion 


It then was decided to accomplish 
the simulation by means of individual 
transfer functions rather than over-all 
equations. This would allow the com- 
puter to be used as a design tool for 
the position loop compensation and 
facilitate the variation of system 
parameters. The frequency response 
of the uncompensated system then 
would be obtained. Knowing this re- 
sponse, an equalizer would be de- 
signed and inserted into the position 
amplifier. The transient response un- 
der varying load conditions could 
then be ascertained and the fidelity 
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of the system determined. The block 
diagram of the system is shown in 
Figure 2. 


Simulation 


Figure 3 is a recording of the sys- 
tem response to a ramp input equiva- 
lent to a constant target velocity of 
3° /second. 

The tracking error for a target of 
this velocity and a system K, of 60 
should be 

6. = v/K, 
- (3° /sec) /(60/sec) 
= 0.05° = 0.000872 rad. 

The response shows that this value 
is attained. In several of the runs 
the effect of the current limiter was 
noted. However, in no case did this 
lead to instability. For a 3°/sec 
ramp. the error settled to the above 
value in 7 seconds. 


Conclusions 


This project emphasized the use 
of frequency-response techniques in 
system engineering where an analog- 
computer served as the means of ob- 
taining this response. After a suit- 
able equalizer was designed, the com- 
puter allowed the transient response 
to be determined. The effects of 
changes in system parameters could 
then be determined. 

The familiarity with the system 
gained from this study and a knowl- 
edge of the frequency response al- 
lowed a rapid final adjustment of the 
system to be made in actual field 
tests. 


Brenes, Lanzkron and Lee on 
Missile Control 


The final paper of the day was 
“Analog and Digital Methods for 
Analyzing and Compensating Missile 
Control Systems” by V. R. Brenes, 
R. W. Lanzkron, and W. Lee (all 
of the Martin Company, Orlando, 
Fla.). Some excerpts follow: 


In the design of a ballistic missile 
system, it is necessary to provide a 
control system to stabilize and guide 
the missile along its prescribed tra- 
jectory. Stabilization is complicated 
by the fact that several of the struc- 
tural bending mode frequencies usu- 
ally lie within the band of required 
control frequencies. Therefore, the 
control system must be designed to 
provide stabilization for the “rigid- 
body” system and to attenuate the 
structural frequencies to such an ex- 
tent that they do not cause an in- 
stability. 

To study the control system, the 
equations of motion of the missile in 
linear operational form were obtained 
by first writing the equations of mo- 
tion in the pitch plane, with flat earth 
and horizontal wind, and then linear- 
izing by taking their total differen- 
tials. The resulting perturbation equa- 
tions were then Laplace transformed 
to obtain the operational equations. 

We won’t go into the math here, 
but the result was a complete descrip- 
tion of the linearized system. 

Next it was necessary to consider 
whether to use analog or digital simu- 
lation. The nature of the equations 
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FIG. 3. Response to 3°/sec ramp. 


indicated that analog mechanization 
was probably simpler than digital. 
Also, it is possible to include actual 
missile hardware in an analog simu- 
lation as a final check on the system. 

At the Martin Company, However, 
we find that utilization of the analog 
is such that frequently we are not 
able to get rapid access to the analog 
computer. Rapid access is available 
on the IBM 709. In addition, the 
digital approach gives us the capabil- 





Fourier integrals with parameter variations 


A(u)real=2 [ f(x) |cos [Cw (x) + ux)] + cos [ (Wb (x) — ux) |\dx 
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solved in 60 seconds... 


A (u) imaginary = 2j B a: f (x) ae [(y (x) + ux)] + sin [y (x) - ux] dx| 
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Chemical process evaluation, microwave antenna design, aircraft and missile design...these are but a few of the parametric 
studies that DYSTAC, and only DYSTAC, can perform. DysTAC 5800 is the only analog computer with a memory and high-speed 
repetitive operations. These two unique capabilities allow the 5800 to make rapid solutions to problems that would otherwise 
require error-producing over-simplifications. 
Unlike other analog equipment, the DysTAc 5800 utilizes time-sharing 
of components, thus greatly decreasing the size and cost of the computer 
relative to its capability. The high-speed rep-ops, together with dynamic 
storage of analog data, give the machine the best features of analog and 
digital computation. It is the only computer capable of solving equations 
with two or more independent variables in 60 seconds or less. In addition, 
it assures data storage accuracies of 0.01% and a time-base accuracy of 
+0.5 psec. 
Send for our | 1-page report, “Solutions to Bounded Fourier Integrals | : 
on the Dystac Computer.” eae ® ues 
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pays off for Lockheed and Beckman 


Lockheed Missiles and Space Division, Sunnyvale, California, leading research and 
development organization, beat its own schedule by three years and surpassed its own 
performance goals by wide margins to provide the Free World with the most important 
operational deterent to aggression: the Navy’s POLARIS Fleet Ballistic Missile. « 
Lockheed has actually just crossed the threshold of space and defense programs. Future 
development of Polaris and other Lockheed space and missile programs will be more 
complex, intricate and demanding—will require research computation of a level and 
complexity never even envisioned, The problem-solving capacity of Beckman EASE 
Analog Computers meets this challenge. 

LOCKHEED-EASE History EASE Analog Computers have participated in 
Lockheed success for over 5 years at the Lockheed-Georgia Division where the new Jet- 
Star executive jet transports and C-130 Hercules are manufactured and for over 2 years 
at Lockheed-California Division, famous for the Air Force F104 Interceptor and Navy 
P3VI Electra. 
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ity of obtaining both a time response 
and a frequency response of the sys- 
tem directly. For these reasons, the 
equations were mechanized in both 
analog and digital. This provides an 
excellent means of cross-checking. 

After the problem was set up, a 
study of uncompensated Nyquist plots 
obtained from the digital simulation 
showed that an inner loop was un- 
stable during the latter portion of the 
first stage flight and during most of 
the second stage causing the entire 
system to become unstable. This con- 
dition made necessary the inclusion 
of a compensating network in this 
loop to correct the instability. 

During the first-stage flight time 
a type of phase compensation ap- 
peared to be suitable, while during 
the second-stage flight time an ampli- 
tude or attenuation compensation ap- 
peared more applicable. By proper 
choice of circuit configuration the 
required compensators were imple- 
mented with only one set of com- 
ponents and the additional aid of one 
relay. Inspection of the complete sys- 
tem’s open-loop Nyquists, with and 
without compensation, showed that 
although the filter stabilized the inner 
loop, no appreciable degradation of 
system performance resulted. These 
digital results were then checked on 
the analog simulation. 

The system was excited with step 
inputs and the resulting behavior 
was recorded. Missile performance 
and stability were determined from 
the response to the step inputs and 
the angle of attack and control angle 
signal were monitored to insure that 
these variables did not exceed the 
specifications of the system. Over-all 
system response was obtained and 
actual hardware then was substituted 
for the simulated filter, and results 
compared. 

Because the digital results were 
normally in the form of frequency 
responses while the analog were in 
the form of time responses, a rela- 
tionship between damping ratio and 
phase margin was derived in order 
to compare the two. 

The comparison between results 
from both simulations was quite 
good, justifying a high degree of con- 
fidence in the design of the system. 





THE SCI/GE SYMPOSIUM 


We said we wouldn’t report the 
Symposium on Combined Analog- 
Digital Computer Systems in detail 
because the Proceedings are available 
(from Simulation Councils Inc. at 
8484 La Jolla Shores Drive, La Jolla, 
Calif.: five bucks a copy) but it oc- 
curs to us that we haven't told you 
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what you'll get for your money. So 
herewith the Table of Contents: 


1. Analog-Digital Computer Link- 
age System for Bendix G-15— 
R. E. Wright, EPSCO 

. Combined Analog-Digital Dif- 
ferential Analyzer (CADDA}— 
W. R. Urban, W. R. Hahn, Jr., 
H. K. Skramstad, National Bureau 
of Standards 

. Some Aspects of Computer Link- 
age System Design—W. J. Peet 
Il, Electronic Associates Inc. 

. The Combined Analog-Digital 
Computer System—M. Paskman, 
J. Heid, GE-M&SVD 

. A General-purpose Analog-Dig- 
ital System—M. L. Stein, Uni- 
versity of Minnesota 

. A Combined Analog-Digital 
Computer for Simulation of 
Chemical Processes—S. Shapiro, 
L. Lapides, IBM Research Lab- 
oratories 

. Evaluation of an Intercept Tra- 
jectory Problem Solved on a 
Combined Analog-Digital System 
—H. Gilman, GE-M&SVD 

. Hybrid Computer Setup for Mis- 
sile Flight Analysis and Control 
—G. Hintze, H. McJunkin, Flight 
Simulation Lab. WSMR 

. Air Traffic Control System Simu- 
lation—A. Jackson, H. Ottoson, 
Thompson-Ramo-Wooldridge 
Corp. 

. Timing Consideration in a Com- 
bined Simulation System—E. 
Hartsfied, STL 

. Diagnostic Programs for a Com- 
bined Analog-Digital System— 
K. Feucht, GE-MSVD 

. Programming for a Closed-loop, 
Manned Machine Combined Sys- 
tem—D. C. Friedman, National 
Bureau of Standards 

. Sealing and Information Transfer 
in Combined Analog-Digital 
Computer Systems—G. Birkel, 
Jr., Radiation, Inc. 

. Combined Simulation at STL— 
L. W. Neustadt, G. A. Bekey, 
STL 

. Hybrid Digital Differential Ana- 
lyzer General-Purpose Computer 
System—O. A. Reichardt, Pack- 
ard-Bell 

. High-speed High-Accuracy 
Linear Segment Hybrid Function 
Generator—F. Schmid, Link Di- 
vision—General Precision, Inc. 

. Future Applications of Combined 
Systems in Planning and Con- 
trol—D. F. Blumberg, J. Diebold 
Assoc. 
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18. Recent Experiments in Missile 
Flight Dynamics Simulation with 
the Convair “Addaverter" Sys- 
tem—A. N. Wilson, Convair- 
Astronautics 





SCI Activities 





WESTERN Simulation Council 
Meeting of 1/12/61 


Lawrence Alexander, who spoke 
on “Simulation Methods in Man-Ma- 
chine Simulation Research,” and 
Milton Holmen, who spoke on “Use 
of Simulation in Training,” have been 
kind enough to send me abstracts of 
their presentations, so—with the 
others previously announced—we will 
be in good shape to report that meet- 
ing, which we will do shortly. 


MIDWESTERN Simulation 
Council Meeting 
of 1/16/61 


Robert Hanett has sent me more, 
much more, material on their meeting 
that I believe you would care to read, 
so my work is cut out for me! How- 
ever, with the intriguing title “Novel 
Solutions to Nasty Problems,” it 
should be worth the effort. 


Program Announcements 
Received 


SOUTHEASTERN Simulation 
Council 27 January 1961, 
Georgia Institute of 
Technology, Atlanta 


“An Analog Data-Processing De- 
vice for On-Line Use in Medical Re- 
search,” Georgia Tech Analog Com- 
puter Laboratory. 

“Instrumentation of the Moving 
Average,” Georgia Tech Analog Com- 
puter Laboratory. 

“A Fourier Integral Computer for 
the Calculation of Antenna Radiation 
Patterns,” Scientific Atlanta, Inc. 

“A Low-Drift Recycling Integrator 
for Physiological use,” A. F. Spear, 
Physicist, Medical College of Ala- 
bama. 

Discussion of the recent Combined 
Analog-Digital Computer Systems 
Symposium. 

Tour of Radiolsotopes Laboratory, 
demonstration of nuclear reactor 
simulator and 1-MEV Van de Graaff 
generator. 
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It remains the most efficient and reliable method for CHECKING 
programming and patching of the problem (without disturbing the setup). 


It provides maximum check of computer components. 


It is the only method for accomplishing these checks — BEFORE the 
problem is run and without the introduction of new errors. 


With PROBLEM CHECK, programming errors are immediately 
and clearly indicated. 


Qualified engineers 
seeking rewarding op- 
If a program must be removed from the computer, PROBLEM CHECK 
provides a fast and reliable method for rechecking the 

problem when it is restored. 


portunities in these 
advanced fields are 


invited to get in touch 
Reeves’ PROBLEM CHECK is fully covered by U. S. Patent No. 2,967,997. 
Why be without this essential and time-saving feature! 


with us. 
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For a copy of the Brochure describing PROBLEM CHECK and other 
unique REAC features, write for Data File 604. 
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Tour of Scientific Atlanta plant, 
demonstration of Fourier Integral 
Computer. 

Tour of Georgia Tech Analog Com- 
puter Laboratory. 

Dinner meeting: speaker, Dr. 
L. D. Wyly of Georgia Tech School 
of Physics, on “Why an Interest in 
Nuclear Power?” 


MIDWESTERN Simulation 
Council, Rackham School of 
Graduate Studies 13 March 
1961, of the University 

of Michigan, Ann Arbor 


Subject: “Analog Equipment— 
New Types and Future Needs” 

“The Use of Silicon Junction 
Diodes in Analog Computation” by 
R. M. Howe (University of Michi- 
gan) 

“Continuous Data Analysis with 
Analog Computers Using Statistical 
Regression Techniques” by Arthur 
I. Rubin (Princeton Computation 
Center of Electronic Associates, Inc.) 

“An Improved Variable Transport 
Delay Circuit” by W. J. King and 
V. C. Rideout (University of Wis- 
consin, Madison). 

“The Application of Poisson Cells 
in the Design of Electron Injection 
Systems” by J. E. Rowe and R. J. 
Martin (University of Michigan) 

“Frequency Analysis of Seismic 
Waves with an Analog Computer” by 
R. E. Crabtree and V. L. Larrowe, 
(University of Michigan) 

Tour of the University’s Phoenix 
Project, or 

Tour of the Institute of Science 
and Technology of the University of 
Michigan’s Analog Computer Labora- 
tory near the Willow Run Airport. 


SOUTHEASTERN Simulation 
Council; 14 April 1961; 
University of Alabama 

* * * 


JOHN E. SHERMAN, Manager 
of Analog Computing at the Lock- 
heed Missiles and Space Division 
in Sunnyvale, California, has been 
elected Chairman of the Board of 
Directors of Simulation Councils, 
Inc. for 1961. 

Simulation Councils, Inc. is a 
non-profit California corporation 
interested in computers and sim- 
ilar devices which make use of 
mathematical and physical analo- 
gies. The purpose of Simulation 
Councils, Inc. is to advance the 
design, development, construction 
and application of computers and 
simulators, not only in science and 
engineering, but in other fields of 
human bce as well. Simula- 


the free interchange of ideas and 
information concerning the art 
and science of simulation. There 
are seven regional councils com- 
osed of more than 1200 mem- 
seg The regional councils are: 
Western Simulation Council, Mid- 
Western Simulation Council, Cen- 
tral States Simulation Council, 
Rocky Mountain Simulation Coun- 
cil, Eastern Simulation Council, 
Southeastern Simulation Council 
and the Digital Differential Ana- 
lyzer Council. 

Membership is $3 per year, and 
includes a subscription to the 
Simulation Council Newsletter in 
Instruments & Control Systems. 
Application can be made to the 
Secretary, Suzette McLeod, 8484 
La Jolla Shores Drive, La Jolla, 
Calif. An interest in computers is 
the basic requirement. 


J. E. Sherman 


tion Councils, Inc. is organized on 
the basis of regional councils 
whose main purpose is to promote 











Application for membership in SIMULATION COUNCILS INC., 8484 LaJolla Shores 
Drive, LaJolla, Calif. 
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| Business address and Title _....... 


References (Persons familiar with your professional work): 





Education and degrees —........... 


Major work interests 


Check either (1) or (2) below: 


| I. | now receive an individual (not library) subscription to INSTRUMENTS 
AND CONTROL SYSTEMS. (If so, when you receive an expiration notice, mail it to 


mulation C ils Inc., 8484 LaJolla Shores Dr., LaJolla, Calif., and we will take care 





5 your renewal at no additional cost to you — if your SCI dues are paid).* 


2. ............ | do not now have an individual subscription to INSTRUMENTS AND CON- 


TROL SYSTEMS. (You will receive a subscription to whatever publication carries the 
| Newsletter with your membership, at no extra charge).* 


Please return this form with $3.00. If you are qualified for membership you will be 


| notified; if not, your money will be refunded. 


*Note: $2.00 of your membership fee will be applied to a one-year subscription to 


| INSTRUMENTS AND CONTROL SYSTEMS. 
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DIGITAL 
READOUT 


Series 120000 


Features: 
> Lightweight — 
weighs 31 ozs. 
> Quick disconnect 
at rear for easy 
lamp replacement. 
PRICE COMPLETE | 
S 3 5°° 
Quantity Prices On Request 
WRITE TODAY FOR 
COMPLETE SPECIFICATIONS 


Representatives 
in principal cities 


INDUSTRIAL ELECTRONIC ENGIN 


5528 VINELAND AVENUE 
NORTH HOLLYWOOD, CALIF. 7 


SECON PREC/S/ON 
POTENTIOMETER 


Secon can provide the exact precious 
metal potentiometer winding alloy for 
your requirements ... 


= Low temperature coefficient 
of resistance. 
= High tensile strength. 
ws Low noise, 
= Supplied bare or enameled. 
w Long life, 
For more information please write today 


to Secon Metals Corporation, 7 Intervale 


Street, White Plains, N. Y. (WHite Plains 
9-4757). 


SECON 


METALS 


RELIABLE WIRE FOR 
THE HEART OF YOUR COMPONENT 
SS LL TE! 
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NEW 





INSTRUMENTS 


CALIBRATION STANDARD 


New Model 1900 DC Semi-Auto- 
matic Instrument Calibration Stand- 
ard has 21 voltage ranges from 0-150 

| uv to 0-1500 v, and 20 current ranges 
| from 0-15 va to 0-30 amp for stand- 
ardizing and calibrating d-c voltme- 
| ters and ammeters to +.05% accura- 
|ey.—Radio Frequency Laboratories, 
Inc., Powerville Rd., Boonton (Twp.), 
N. J. 
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FREQUENCY STANDARD 


New atomic Frequency Standard 
| uses optically pumped rubidium cell 
| as basic frequency reference, has sta- 
| bility of 2 parts in 10 billion, main- 
tains accuracy of less than 1 sec of 
error in 750 years. Device has appli- 
cation in terrestrial and space navi- 
gation, is portable for calibrating in- 
struments.—S7L Products, Div. 
Space Technology Laboratories, Inc., 


Box 95001, Los Angeles 45, Calif. 
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LOGIC MODULES 


Thirteen new modules for data 
| processing applications include Dual 
| Flip Flop, And-Or Inverter (4 inputs 
| to 4 inverters), Gate Circuit (8 Ca- 
| pacitor-Diode Gates), Analog Switch, 

ete.—Digitrols, Inc., 8223 Old Phila- 
| delphia Rd., Baltimore 6, Md. 
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TIME QUANTIZER 


New LFQ-10 solid-state automatic 
high-speed Quantizer system meas- 
ures or quantizes time intervals to 
resolution of 10 millimicrosec. One 
version for use in 3-dimensional mis- 
sile tracking systems permits high 
altitude measurements to resolution 
of +2%’—Computer Equipment 
Corp., 11612 Olympic Blvd., Los An- 
geies 64, Calif. 
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TAPE SPOOLER 


New TS-400 Automatic Tape Spool- 
er, first accessory equipment for use 
with 400-series unidirectional and bi- 
directional tape readers, is bidirec- 
tiona) winding 15-ips spooler, may be 
used with any tape reader. Unit uses 
standard reels up to 8” dia for han- 
dling 1000’ paper or mylar tape. Data 
Sheet TS-400.—Electronic Engr. Co. 
of Calif., 1601 EB. Chestnut Ave., San- 
ta Ana, Calif. 
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ADDING MACHINES 


New solenoid-activated Premier 
Digit-Matics print up to 4 lines/sec, 
feature 2-color printing and rear- 
cable connection, come in both paral- 
lel entry (full keyboard) and serial 
entry (10-key) machines. Optimum 
pulse duration is 35 msec.—Victor 
Adding Machine Co., 8900 N. Rock- 
well St., Chicago 18, Jil. 
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PNEUMATIC TOTALIZER 


New panel-mounted Pneumatic To- 
talizer multiplies flow rate by time 
to give total flow, receives linear or 
square root pneumatic signal between 
3 and 15 psi and converts air pres- 
sure into direct readout of total flow. 
—B-I-F Industries, Inc., 345 Harris 
Ave., Providence 1, R. I. 
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RECORDING DRY FEEDER 


New scale-mounted Series A-690 
Feeder with Loss-of-weight Recorder 


controls dry-chemical flow at rates 
between 0.0045 and 2.8 cu ft/hr; re- 


cords amounts on 24-hr or 7-day 
charts. Solution tank gives thorough 
mixing; water jets help dissolve al) 
chemical.— Wallace & Tiernan Ince., 
25 Main St., Belleville 9, N. J. 
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SERVO POSITIONER 





New solid-state Power Max inte- 
gral horsepower position servomecha- 
nism components and systems feature 
positioning accuracy better than 0.5%. 
D-C input signals include: position- 
ing potentiometer, selector switch and 
fixed resistor network, static switch- 
ing circuits, electromagnetic flowme- 
ter, tape programmer.—Electroma- 
tion Co., 4254 Glencoe Ave., Venice, 
Calif. 

CIRCLE 219 ON READER-SERVICE CARD 





@ Improved readability 





LH 
© gee 
Ta Es 
ime. 


ae a | aed ee 





Rb °79 Sr.3° ; Y, *y ie 


Sha rars 


fd Vhs Whee i 





Prey ae ie et ee 
“eas “8 
Mr fod Wt fe oe 
eee ee ee Oe 
Shore were a 
wie Bad all 
iN be he Be be 
©. ba “ig 


A 08 0 Md 8 Pull © Sl oa ocg 9 Tre oe |." Hig 
ys age sy 20°20 er ) Sa a 





— WELCH — 
1959 CHART OF THE ATOMS 


Chart and 48-page KEY booklet both completely revised 
by Dr. William F. Meggers, National Bureau of Standards 


e Large size—42 X 58 inches 
@ Lithographed in 6 colors on heavy chart paper 


@ Lists latest atomic weights compiled by International Union for 
Pure & Applied Chemistry 
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48-page key booklet. - 








No. 4854. CHART OF THE ATOMS—1959 Edition 
Lithographed in six colors on heavy chart paper, coated with a 


plastic film especially treated to prevent glare, with formed-metal 


chart molding at top and bottom with eyelets for hanging and a 


Write for Complete Circular 


THE WELCH SCIENTIFIC COMPANY 
ESTABLISHED 1880 


B Chicago 10, Hlimois, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


1515 Sedgwick Street, Dept. 


..Each $7.50 
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ULTRASONIC TRANSDUCER 


New ultrasonic cleaning system 
features an all-welded stainless-steel 
immersible magnetostrictive Trans- 
ducer designed to fit all present tanks 
used in degreasing and cleaning oper- 
ations. Operates at 22 ke for maxi- 
mum cleaning efficiency with mini- 
mum noise level. Two models are 
available: Model S-350-S is 12%” 
long x 7%” wide x 4%” high; Model 
S-350-L is 17” x 4%” x 4%”.—Ultra- 
sonic Dept., Harris Transducer Corp., 
Subs. of General Instruments, Wood- 
bury, Conn. 

CIRCLE 220 ON READER-SERVICE CARD 


MINI CERAMIC SWITCHES 


New line of Switches that with- 
stands temperatures to 175°C uses 
specially developed high-temperature 
alloys and incorporates new assembly 
techniques that assure their high 
temperature operation. Switches pro- 
vide up to 22 terminals per section; 
maximum switching combinations per 
section range from 1 pole with 2 to 
12 positions, to 6 poles with 2 posi- 
tions.—Centralab, Electronics Div. of 
Globe-Union, Inc., 900 East Keefe 
Ave., Milwaukee 1, Wis. 
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Here’s Control with a Capital... 
il 


The Inside 
Story on 
Unlimited 
Cv range 
is here 




















Learn why 
UNIFLOW VALVES 
are fast becoming 
The Standard 

' inthe field. 


Write, phone or wire for 


Bulletin 117 on Split Body Valves 
_ Bulletin 116 R on Bar Stock Control Valves 
Bulletin 114 R-1 on Saunders Type Valves 


Valve 
Corporation 


BRIDGE 6-8300 


rincipal cities throughout 
her parts of the world. 
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For Laboratory Plant Special Equipment 


ACCURATE e RUGGED e ADAPTABLE 


Meters using laminar flow elements have the highest po- 
tential accuracy possible. Accuracy is independent of pipe 
run. Convenient to use. Available for table, pipe, wall, or 
flush mounting. Specials to order: Pressure to 2000 psig, 
temperature to 500° F, overflow checks, H-assemblies. Dial 
indicator type (Model 30) and element only (Model 10, 
for customer secondary device) are also available. 


828 Evarts St., N.E. 


ATION! MENT | ABORATORIES . D.C. 
eB. Aarional [wstRuMent [48 Washington, D.C 





Vol-O-Flo Linear Gas Flowmeter 
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New Series 311 Atcotrol “push-but- 
ton” Impulse Counter counts at rate 
up to 500 cpm; features built-in Start 
Button integral with count-setting 
knob, 1 or 2 SPDT Snap-action 10- 
amp-load switches, impulse-type mo- 
tor with long life, non-reset upon pow- 
er failure, counting on four standard 
count ranges.—Automatic Timing & 
Controls, Inc., King of Prussia, Pa. 
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New Level Recorder Model 2305 
high-speed graphic Recording Voltme- 
ter measures true RMS, average, or 
peak level of a-c signals from 10 ¢/s 
to 200 ke/s or signals de to 10 c/s 
through internal chopper. Recorder 
operates as null balancing, electro- 
mechanical servo with 6-linear or lo- 
garithmic recording ranges of from 
10 to 75 db. Brochure BK 2305.— 
B & K Instruments, Inc., 3044 W. 106 
St., Cleveland 11, Ohio. 
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BALL VALVE 


New F-125 Forged Naval Bronze 
Ball Valve for use with air, water, or 
fluids compatible with bronze fea- 
tures “Auto-Mating” valve seats that 
previde positive sealing in either flow 
direction throughout valve life. 
Spring, retainer ring and O-ring seal 
behind valve seat insure constant com- 
pression, self-adjustment and tight 
seal even on low pressure and vacuum 
lines.—Ball Valves, Inc., 41 Jackson 
St., Worcester, Mass. 
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D-C MICROVOLTMETER 

New electronic (all-transistor) D-C 
Microvoltmeter Model 13862 (and 
Model 1362R) operates by recharge- 
able nickel-cadmium) storage battery, 
has full-scale range of voltage from 
1.0 mv to 1000 v; accuracy, +1.0% 
of full scale. Voltage Ranges: +1000 
to +1 v, +300 to +1 mv. Input Im- 
pedance: 100 megohms or greater on 
all ranges.—Dynamics Instrumenta- 
tion Co., 583 Monterey Pass Rd., Mon- 
terey Park, Calif. 
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OSCILLOSCOPE CAMERAS 


i 


New Types 3000, 3001, 3002, and 
3003 Oscilloscope Cameras for use on 
all existing oscilloscopes feature bi- 
nocular viewing, Polaroid film backs, 
choice of three lenses, and accessories 
for versatility. Building-block design 
permits altering basic camera charac- 
teristics —Analab Instrument Corp., 
30 Canfield Rd., Cedar Grove, N. J. 
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MAGNETIC TAPE TRANSLATOR 


New Magnetic Tape Translation 
Devices provide computers with low- 
er-cost on-line input conversion of for- 
eign tape formats and signals. Unit 
translates tapes by using reading 
computer’s ability to edit information, 
converting pulse shapes, format, and 
timing into form equal to that sup- 
plied by computer’s tape readers. Bul- 
letin AE305.-68.—Auerbach Electron- 
ics Corp., 1634 Arch St., Phila. 3, Pa. 
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REFERENCE VOLTAGE SOURCE 


bei 


New Model 350 Reference Voltage 
Source for use with null-seeking gal- 
vanometer-type indicating controllers 
has 3-digit dial, 1° adjustment of set- 
point. Null balance circuitry elimi- 
nates effect of lead-wire length on 
calibration. Over-all measurement 
sensitivity is 0.25°F.—Wheelco In- 
struments Div., Barber-Colman Co., 
1515 Rock St., Rockford, Iil. 
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ARCCO 
LIQUID GRAVITOMETER 


FOF ELINES sASOLINE F S 


MODEL R 


Wherever the specific gravity of liquid products or 
pes fluids is an important factor Arcco-Anubis 
iquid Gravitometers will render accurate recordings 
of continuous flow and spot checks of samples under 
varying conditions of temperature and pressure. 
Foreign liquids and gases are automatically purged. 
Changes in the specific gravity of the sample are 
recorded almost instantly. High pressure and high 
viscosity liquids are handled with ease. Charts gradu- 
ated for specific gravity are available in over 100 
ranges. Charts for Degrees A.P.I. are available in over 
30 different ranges. Arcco Liquid Gravitometers are 
made for recording, controlling, indicating, trans- 
mitting and various combinations of these functions. 
Special charts when required can be furnished at 





slight additional cost. 


ACCO 


Send For Bulletin No. I11-R4 


INSTRUMENT COMPANY, INC. 


7144 EAST CONDOR STREET « LOS ANGELES 22. CALIF. 
MANUFACTURERS OF PRECISION INSTRUMENTS 


Pp 
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TAPERED ZIPPERTUBING 


New tapered Zippertubing offers a 
tight-fitting cable jacket for cables of 
decreasing diameters due to branch- 
outs. Supplied to customers’ specifica- 
tions.—Zippertubing Co., 752 S. San 
Pedro St., Los Angeles 14, Calif. 
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SOLDERLESS TERMINAL 

New Terminal, the T-30 Solderless 
Springclip, holds up to six leads with- 
out soldering and may be used over 
and over. Fits any round 0.093” 
hole. Contact resistance between leads 
and the terminal is less than 0.003 
ohms.—Vector Electronic Co., 1100 
Flower St., Glendale, Calif. 
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CHASSIS SLIDES 


New Chassis Slides are available 
in three sizes of six types. All accom- 
modate 17” chassis.—Bud Radio, Inc., 
2118 E. 55th St., Cleveland 3, Ohio. 
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HEAT SINKS 


New line of 6030 Heat Sinks fea- 
tures all-aluminum construction and 
anodized finish. Special hardcoat- 
anodize is available which withstands 
over 1000 v rms. Bulletin gives de- 
tails—Vemaline Products Co., Frank- 
lin Lakes, N. J. 
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dynamic new concept 
of vibration 

testing 

produces 


NEW PRIME 
ACCELEROMETER 
CALIBRATOR 


Here’s further proof of the advantages of ITT’s dramatic new 
approach in air-suspended, lateral motion accelerometer cali- 
brators: the ST-200 vibration exciter. Developed at the request 
of a major Government facility for their prime standard, the 
ST-200 will provide double the accuracy of other known 
standards. 

The unique concepts of air-suspension and lateral motion that 
provide the performance features of the new ST-200 are also an 
integral part of other ITT vibration exciters for secondary and 
routine accelerometer calibration. These same techniques are 
easily adapted to other special vibration and shock testing 
requirements. 

For complete information, applications data and performance 
curves, contact your ITT representative or write for Data File 
ICS-1469-1. 


Other ITT vibration exciters for accelerometer calibration may be 
integrated into your present system design or can be ordered as 
part of complete, self-contained ITT testing systems. 


routine calibration 


Industrial Products Division 


Internati elephon and Telegraph 
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ELECTRONIC VOLTMETER 


New Model 317 Voltmeter measures 
300 mv to 300 v at frequencies from 
10 cps to 11 Me, is useful as null de- 
tector from 5 cps to 30 Mc. As cali- 
brated amplifier it provides stable 
gain up to 60 db with frequency re- 
sponse +ldb from 6 eps to 11 Me.— 
Ballantine Laboratories, Inc., Boon- 
ton, N. J. + 
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FLOW TRANSDUCER 


New turbine-type Flow Transducer 
design permits constant hydrodynamic 
balance of rotor without use of thrust 
bearings; increases accuracy, reliabil- 
ity, and life—Francisco Engr. Co., 
23987 Ventura Blvd., Calabasas, Calif. 
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TAPE RECORDER/REPRODUCER 


New VR-2600 Wide Band Magnetic 
Tape Recorder/Reproducer features 
frequency response to 500 ke on di- 
rect record, 40 ke on FM, and 1000 
bits per inch parallel recording with 
PCM techniques; six electrically se- 
lectable operating speeds from 17% to 
120 ips in two ranges; all solid-state 
plug-in modular electronics; and all 
metal front surface side-band record 
and reproduce heads.—Consolidated 
Electrodynamics Corp., Subs. Bell & 
Howell, 360 Sierra Madre Villa, Pasa- 
dena, Calif. 
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SERVOACTUATOR 


ofl 


New Pneumatic Hydraulic Servoac- 
tuator for pneumatic control systems 
requiring high-power level positioning 
employs 3-15 psi (or other standard) 
pneumatic command signals to control 
500-4500 psi hydraulic power sources. 
Features speed of response and posi- 
tioning resolution; linear or charac- 
terized stroke.—Boonshaft and Fuchs 
Inc., Hatboro Industrial Park, Hat- 
boro, Pa. 
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ACCELEROMETER 


New Model 609 8-0z Accelerometer 
features damping assembly fully 
temp-compensated and relatively in- 
sensitive to viscosity changes, fric- 
tion-free multiplying potentiometer 
pick-off device that incorporates flex- 
ure principle, eliminates all bearings. 
Independent dynamic error band +0.6 
to +0.8%; resolution to 0.25%; na- 
tural frequency (undamped) from 14 
cps at 0-1 G to 120 cps at 0-70 G.— 
Bourns, Inc., 6135 Magnolia Ave., Riv- 
erside, Calif. 
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COUNTER 


New high-reliability Counter (left) 
uses 75% fewer parts than previous 
model, has increased reliability 
through use of single counting tube 
instead of usual ring-counter employ- 
ing four tubes.—Franklin Electronics 
Inc., Bridgeport, Pa. 
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THE DEFINITIVE BOOK 


on thermocouples and pyrometer accessories 


It’s still Bristol’s big 56-page “Buyers’ Guide and Users’ Manual’’—yours for the 
asking. 

One of the most useful publications ever directed specifically to the industrial 
pyrometer user, this buyers’ guide catalogs Bristol’s comprehensive line of 
thermocouples, protection tubes, thermocouple wire and radiation unit accesso- 
ries. But, in addition to this, it’s a compendium of technical data for the pyrometer 
user—essential to newcomers to the field, valuable reference data to the old hand. 
Here’s just a partial listing of topics discussed: 


¢ Thermocouple types 


¢ Factors affecting thermocouple life 


¢ Thermocouple reproducibility 
* Calibrated thermocouples 
¢ Thermocouple insulation 


¢ Thermocouple protecting tubes 


¢ Thermocouple extension wires and 
cold-end compensation 


* Selecting the right thermocouple 
and protecting tube 


¢ Responsiveness of thermocouples 


... plus more than 165 illustrations, plus 8 pages of thermocouple calibration 
tables. It’s a manual you can’t afford to be without. Write for your copy of Bristol’s 
“Thermocouple and Pyrometer Accessories Buyers’ Guide and Users’ Manual,” 
Bulletin No. P1238, today. The Bristol Company, 154 Bristol Road, Waterbury 


20, Conn. 


0.32 


... for improved production 
B R 7 STO L through measurement and control 
AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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WRITE-ON LABELS 


New Perma-Shield Labels combine 
a color-bordered write-on label with 
a tough, glass-clear Mylar shield. The 
shield is applied over the written-on 
label, slightly overlapping the entire 
perimeter so all edges are completely, 
permanently protected. Both label 
and shield are  pressure-sensitive. 
Furnished in twelve different sizes.— 
W. H. Brady Co., 727 West Glendale 
Ave., Milwaukee 9, Wis. 
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SOLAR DEMONSTRATION KIT 


New compact, inexpensive Demon- 
stration Kit, Cat. No. 81090, that 
shows solar energy at work consists 
of 12 silicon solar cells, a small motor 
and a three-blade propeller. Manu- 
factured by the Semi-conductor Div. 
of Hoffman Electronics Corp., and 
distributed by Central Scientific Co., 
1700 W. Irving Park Rd., Chicago, Ill. 
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SPECIFICATIONS 


Fig. 378 and Fig. 379 


SIZE RANGE: 


SUPPLY PRESSURE: 
POSITIONER RANGE: 


"3" 


Spring-opposed 
Pneumatic Cylin- 
der with Position- 
er 


36 psi - Fig. 378 
18 psi - Fig. 379 


3 - 15 psi stand- 
ard (others on 
application) 


POSITIONER ACTION: Ai: te Open 


(Close on Air 
Failure) or Air to 
Close (Open on 
Air Failure) 


MANUAL ACTUATION: Nut on valve 


ACCESSORIES: 


stem 


Air Filter and 
Pressure Reduc- 
ing Valve 





THERMAL TIMING RELAY 


New Type DM Thermal Timing 
Element provides instantly resettable 
time delays in the range from % to 5 
seconds. Delay interval comprises a 
short heating period followed by a 
longer cooling period, leaving the 
thermal element cool and ready for 
another cycle. Setting tolerances are 
normally +10%.—G. V. Controls Inc., 
Okner Parkway, Livingsten, N. J. 
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SATELLITE WIRES 


Two new radiation-resistant, min- 
iature instrument wires for satellite 
use are offered in sizes 24 through 16 
AWG. Style 1 (above) is for use in 
sealed capsules; Style 2 (below) 
withstands environmental dielectric 
test of 1500-v after 90 days immer- 
sion in tap water, indicating pre- 
launching stability —Boston Insulated 
Wire & Cable Co., 25 Bay St., Boston 
25, Mass. 
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METER INDICATOR 


is 


New Model 470 Meter-Indicator in- 
dicates output of strain gage trans- 
ducers; is packaged with transistor 
amplifier, power supply, and wide- 
scale meter. Scale graduates to in- 
dicate any measured variable directly; 
proportional secondary d-c output 
voltage, 0-lv, available for control or 
recording purposes. Bulletin 103-A.— 
Bytrex Corp., 50 Hunt St., Newton 
58, Mass. 
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FAULTFINDER 


New portable Brunt Faultfinder 
quickly traces overhead pipe, line and 
cable signals, and locates accidental 
grounds. Detection is done on power 
systems (both ac and dc) up to 600 
v while the system is energized.— 
Park Mfg. Corp., 44 Austin St., New- 
ark, N. J. 
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New TP-200 5-0z potentiometer- 
type Transducer withstands 75 G’s; 
measures absolute, gage or differen- 
tial pressures of corrosive or non- 
corrosive gases or liquids in 0-5 and 
0-500 psi full-scale range, also alti- 
tude, airspeed, pressure ratio and 
Mach number. Static error band of 
+2.5% in 0-5 to 0-10 psi range.— 
Fairchild Controls Corp., 225 Park 
Ave., Hicksville, N. Y. 
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DUAL POWER SUPPLY 


New compound-regulated Dual 
Power Supply, Model R-500, consists 
of two separate regulated supplies 
on one chassis, with a common refer- 
ence, which provide +300 vdc, each 
rated at 500 ma. Specification sheet 
gives further information.—George 
A. Philbrick Researches, Inc., 285 
Columbus Ave., Boston 16, Mass. 
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You can see much of the merit of a DeZurik Control 
Valve in its specifications. But you can’t really appreciate 
all of its advantages until you have one in service. Then 
its performance takes over. 

For instance, you don’t have minimum leakage toler- 
ances with DeZurik Control Valves; they close tight—dead 
tight! Their straight-thru flow permits higher capacity, 
size for size, than zig-zag or weir type valves; a 3” DeZurik 
Valve has a flow coefficient of 330. 

Want more? There’s no stem leakage to contend with. 
Rangeability is extremely high with excellent control at 
both ends of the flow curve. Nothing extra to pay for man- 
ual operation provision, it’s standard . . . in fact, total 
price is much lower than you’d expect to pay for such 





AMPLIFIER MODULE 


ha re sis Rr arr 

New Type APC 3-transistor, RC- 
coupled, printed-circuit amplifier mod- 
ule (0.858 x 0.413 x 0.728) is 4 times 
larger, has over 10 times output (9 
mw into 300-ohm inductive load) of 
N-E1 module (at right). Two types— 
output impedance of 1 K and 0.3 K— 
draw 2.3-7.5 ma when operating on 
1.3 v or 3 v.—Fidelity Electronics, 
Ltd, 4120 W. Lawrence Ave., Chicago 
30, Jil. 
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ANNUNCIATOR NAMEPLATE 


New Magna-Plac Nameplate fea- 
tures 70% more engraving area by 
elimination of a metal frame around 
the white translucent acrylic cover. 
Overall dimensions are 3%” x 3%”, 
of which 3%” x 3%” is useable en- 
graving area. Standard nameplates 
are 2%” x 2%” overall.—Scam In- 
strument Co., 1811 W. Irving Park 
Rd., Chicago 13, Ill. 
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trouble-free, precision control. 


You can get more details from the DeZurik rep- 
resentative in your area, or write us for Bulletin 150. 





IDY-YAti-h154 


(Xo) =3-10)- 9. Unre)y 


SARTELL, MINNESOTA 
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— STRAIN GAGE 


New 5-channel solid-state Strain 
Gage Recorder uses Transponders to 
eliminate low-level amplifiers and 
solid-state multiplexer for estimated 
$8,000 saving over conventional sys- 
tems. Recorder is accurate within 
0.2% of full scale in measuring out- 
put of strain gage bridge circuit.— 
Electro-Logic Corp., 515 Boccaccio 
Ave., Venice, Calif. 
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IR-SENSITIVE TV CAMERA 


New infrared-sensitive TV Camera 
can “see” object (steel plate when it 
reaches 850°F or burglar prowling 
around IR-illuminated bank). Also, 
ultraviolet-sensitive vidicon camera 
enables closed circuit TV camera to 
increase usefulness of UV microscope 
by picking up pictures from it.—Fair- 
banks, Morse & Co., Electronics Div., 
505 Oakwood Ave., West Hartford 1, 
Conn. 
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RADIATION FUEL GAGE 


New Nuclear Gage measures 
amount of fuel in airplanes and mis- 
siles, is not affected by changes in al- 


titude or cosmic radiation. Gamma 
rays given off by radioactive source 
(shown in cylinder tip) are picked up 
by detector. Intensity of gamma rays 
depends on amount of fuel.—A tomics 
International, Div. North American 
Aviation, Inc., Box 309, Canoga Park, 
Calif. 
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FOR MORE INFORMATION ON 
ANY PRODUCT, USE INQUIRY 
CARD BOUND INTO THIS ISSUE 
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Morehouse 
PROVING RINGS 


FOR ACCURATE 
LOAD CALIBRATIONS 
TODAY, TOMORROW 
ETC. 

ETC. 

ETC. 

ETC. 


Not just accuracy, but sustained 
accuracy makes the Morehouse 
Proving Ring the accepted stand- 
ard of force measurement. Once 
calibrated by the National Bureau 
of Standards, it is unsurpassed 
in dependable repeatability. The 
basic simplicity of its design 
assures retention of initial accu- 
racy — %o of 1% — over long 
periods of time. For full details, 
write for “The ABCs of ACCU- 
RACY.” 


NEW UNIVERSAL 
CALIBRATING MACHINE 


Designed to best 
utilize the pre- 
cision of the 
proving ring in 
the calibration 
of both com- 
pression and 
tension-type 
load cells. The 
new model fea- 
tures an adjust- 
able yoke and a 
two-speed pre- 
cision jack for 
easier operation. 
For details, 
write for Bulle- 
tin 193. 


MOREHOUSE 
MACHINE COMPANY 
1742 Sixth Ave. + York, Pi 
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COMPUTER FORMAT RECORDER | Order Your 


New Model S-2010 Computer 
Format Recorder accepts data simul- 
taneously from telemetry, instrumen- 
tation and digital data processing 
sources; processes acquired data di- 
rectly onto computer format magnetic 
tape. Unit can be completely slaved 
to associated input system, with nec- 
essary gaps, parity bits and markers 
generated automatically.—Systems 
Div., Epsco, Inc., 275 Massachusetts 
Ave., Cambridge 39, Mass. 
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SHAFT ENCODER 


New low-cost Shaft Encoder Trans- 
lation System consisting of transla- 
tion unit and paper tape punch ac- 
cepts output of standard shaft en- 
coders and coverts data into 12-bit 8- 
4-2-1 binary-coded decimal form, then 
prepares converted data on punched 
paper tape, complete with parity 
checks. Front panel push-butions for 
manual preparation of non-test or 
arbitrary data.—Electronic Develop- 
ment Corp., 423 W. Broadway, Bos- 
ton 27, Mass. 

CIRCLE 250 ON READER-SERVICE CARD 


COUNT-RATE METER 
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New Radiation Counter Laboratory 
Model 20306 Scaler Count-Rate Meter 
accepts signal pulses from organic or 
halogen-filled Geiger counter tubes, 
is easily operated. “Timer” records 
minutes to 999.99; count-rate unit 
provides ranges of 500, 5000, 50,000 
cpm. Counting rate circuit and meter 
combined have accuracy better than 
+3% of full seale on each range.— 
Durant Mfg., 1914 N. Buffum St., 
Milwaukee 1, Wis. 
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Personal 


Copy-NOW 


Process Control $2.00 


by A. J. Young. A “must” for all who 
have to do with the automatic contro] of 
of industrial processes, this book com- 
bines for the first time the practical 
“how” and the theoretical ‘why’. Paper- 
bound, 134 pages, 1957 (second printing). 


Process Control Analysis $2.00 


by M. H. LaJoy and E. A. Baillif. An es- 
sential first step in analysis of closed- 
loop controlled processes via frequency 
response of the system. Clothbound, 72 
pages, 1956. 


100 Electronic Circuits— 
Vol. 1 $2.00 


by M. H. Aronson and C. F. Kezer. . 
covers amplifiers, oscillators, pulse cir- 
cuits, phase shifters, etc. Complete with 
all circuit component values and re- 
sponse specifications. Paper, 180 pages, 
1957. 


100 Electronic Circuits— 
Vol. 2 $2.00 


Second in the series by Aronson and 
Kezer. Vol. 2 also gives complete values 
and specifications for 100 ‘’new” circuits 
not covered in Vol. 1. Complementing 
each other perfectly, the two volumes 
become a powerful circuitry design tool. 
Vol. 2, Paperbound, 1960. 


The Automatic Factory $1.50 


by June, et al... a fresh viewpoint on 
what “manless factories’’ can be... 
free from the generalities, and miscon- 
ceptions so prevalent on this subject. 
Cloth, 88 pages, 1955. 


Nuclear Reactors 
for Industry and Universities $2.00 


edited by E. H. Wakefield. The several 
distinguished authors and editor Wake- 
field cover types, availability (1954), op- 
eration, protection, control, experiments 
legal aspects, and present a detailed 
cost sutdy. Cloth, 92 pages, illustrated, 
1954. 


Scientific and Industrial 
Glass Blowing $5.00 


. and Laboratory Techniques by W. E. 
Barr and Victor J. Anhorn. New revised 
edition covers construction in detail. Ex- 
plains operating principles of all pieces. 

Includes review of history, and most 
recent developments. Original edition ac- 
claimed “best of its kind—not only on 
glass blowing but hundreds of tech- 
niques.’ Paper, 408 pages, 300 illustra- 
tions . . . new edition 1959. 


Instruments Publishing Co., Inc. 
845 Ridge Ave. 
Pittsburgh 12, Penna. 





DRUM CHECK-OUT SYSTEM 


New Model MD-100 Magnetic Drum 
Check-Out System, first test equip- 
ment available for recording timing 
tracks and providing general check- 
out of magnetic drum system,” offers 
clock recording, clock smoothing, ori- 
gin and word track recording, and test 
pattern recording. Clock track is re- 
corded circumferentially around drum 
with preselected number of bits, up to 
16883; closure better than 50 millimi- 
crosec.—F'MA, Inc., 142 Nevada St., 
El Segundo, Calif. 
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ELECTRONIC LADLE SCALE 


; 
» 


LA 

New electronic Ladle Scale for ac- 
curate (to +%%) net weight weigh- 
ing of hot metal (to 250,000 lb live 
load) uses 3 tension-mounted electric 
load cells, eliminates maintenance 
problems. Load is indicated on 20” 
circular scale located in scale house; 
two remote printers record weight on 
punched tape.—Gilmore Industries, 
Inc., 13015 Woodland Ave., Cleveland 
20, Ohio. 
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THERMOELECTRIC POWER 


New Seejen element produces elec- 
tricity directly from heat, connects 
in series-parallel or any combination 
into any configuration to create com- 
pact generators (Seejenators), pro- 
vides infinite variety of voltages, re- 
sistances, and currents. Air- or liquid- 
cooled Seejenators provide heat sink 
as well as power in avionic applica- 
tions.—Harco Laboratories, Inc., 77 
Olive, New Haven, Conn. 
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HIGH-ACCURACY 
PRECISE ANGLE INDICATOR 


NEW KEARFOTT UNIT ACCURATE TO +6 MINUTES 


The new CO 2721011 Precise Angle Indicator features an 
accuracy of +6 minutes. Latest addition to the Kearfott 
line of standard test equipment, the unit is designed to 
meet a wide range of applications. Typical Applications 
* Indication of gyro angle of pitch, roll, or yaw and relaying 
of signal to any preselected impedance or voltage level. 
* Indication of shaft position of remote synchro or resolver, 
and transmission of this information to any impedance or 
voltage level. » Display of difference between two shafts 
when driven by transmitter and differential synchros. 





In addition to high accuracy the instrument combines a 
number of other prominent advantages: it requires only a 
single power source; it has good sensitivity; it is designed 
for modular application; and it offers direct automatic read- 
out. The unit is of extremely compact construction and is 
built for maximal ease of maintenance. 


The low-cost CO 2721011 Precise Angle Indicator is avail- 
able with a single sensor, auxiliary dual-input sensor, or an 
auxiliary retransmitter. For additional information on this 
new test instrument, write for the brochure which describes 
its operation and capabilities in detail. 


SPECIFICATIONS 


Repeatability +1.2 min Slewing Speed 7 sec/180° 
Readability 0.5 min Power (single source) 115 v, 1¢, 400 cps 
Input Power 30 va Size 1% x 9% x 9% in. 
Sensitivity 1.0 min Weight 4 Ibs, 


Write for complete data 


KEARFOTT DIVISION 


<> 


GENERAL PRECISION, INC. 





Little Falls, New Jersey 
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The new W&T Massometer® senses flow in closed systems. It 
measures dry, free-flowing materials and translates the results into 
a 3-15 psi signal. The unit can be used to indicate or record. It 
also controls proportional blending . . . helps solve problems in 
all kinds of control situations. 


And the Massometer does all this without breaks in your closed 
system. Air-tight construction means a flow-sensing unit that seals 
dust in . . . seals contamination out. It is compact and easily 
installed, fits neatly into the line. Stainless steel for parts exposed 
to the flow stream and dust-tight motor casing assure years of 
maintenance-free service. 


The Massometer is calibrated with any maximum output between 
40 and 200 lbs. per minute. Maximum volumetric capacity is 6 
cubic feet per minute. Repeatability within +0.2% of full scale 
assures stable performance. 


By generating a signal proportional to flow, the W&T Massometer 
brings a new look to ratio control. Its versatility means more 
accurate batch processing, or helps create continuous processing 
in new or existing systems. 


For information, write Dept. M-50.48 


WALLACE & TIERNAN INCORPORATED 








2S MAIN STREET, BELLEVILLE &. NEW JERSEY 
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New portable Indic 
simple and rapid means of determin- 
ing % relative humidity from 20 to 
100% (RH). Dry bulb and wet bulb 
temps read on two dial-type thermom- 
eters having accuracy of +1%, are 
interpolated on _ self-mounted slide 
rule.—George Instrument Co., 559 E. 
Jefferson Ave., Detroit 26, Mich. 
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4-STAGE BINARY COUNTERS 
New Model 1231 4- 
stage binary counter 
Data Bloc modules cas- 
cade by front-panel ba- 
nana-jack connections to 
produce counts of length. 
Logical “one” and “zero” 
|, outputs available at 
' every stage. Also avail- 
} able in Data Pac printed- 
' circuit board module 
y style, interconnect 
through taper pin con- 
nectors.—Harvey-Wells 
Electronics, Inc., 14 
Huron Dr., Natick, Mass. 
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LEAK DETECTOR 








. rw 


New Therma Bridge Helium Leak 
Detector Model HDL _ incorporates 
hand-pumped rubber aspirator bulb 
for use where no 115-v a-c power is 
available; Model HDLP has small 
115-v a-c operated vibrating-reed 
pump to draw gas through detector 
for scanning. Two-range feature per- 
mits high sensitivity pick-up of small 
leaks while minimizing overdrive on 
large leaks.—Industrial Instruments, 
Inc., 89 Commerce Rd., Cedar Grove, 
Essex County, N. J. 
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cme MIEASURE 
— ABSOLUTE 
RESSURES 
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New Mod-U-Flow spool-type Valve 
adjusts by straight-line actuator 
linked to stem, which has total linear 
motion of 2”. Spool cylinder has spiral 
groove of increasing depth which 
meters flow of non-corrosive liquids 
depending on what point along grad- 
uated groove is exposed at intake.— 
Hill Machine Co., 1301 Eddy Ave., 
Rockford, Ill. 
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GAS MONITOR 


New GAMAD Gas Monitor and Ad- 
juster monitors and controls flow of 
air, nitrogen and hydrogen required 
by FIAD Flame Ionization Analyzer 
and Detector. Permits total hydro- 
carbon analysis of batch samples from 
20-40 cc volume, continuous analysis 
of gas stream from pressurized source, 
and gas phase chromatography with 
use of external chromatographic col- 
umn.—Carad Corp., 3381 Junipero 
Serra, Palo Alto, Calif. 
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LAB VACUUM SYSTEM 


ig hay 


New Model 94700 Laboratory Vacu- 
um System features implosion-proof, 
18”-dia aluminum bell jar that can be 
evacuated within 5 min to 1 micron of 
mercury (ultimate vacuum of 2 x 10° 
mm). Single-lever operated three-way 
valve prevents errors due to conven- 
tional valve operation in wrong se- 


SPEED and PRECISION 


With Wallace & Tiernan 
Aneroid Dial Indicators you get 
precision and fast response in 
all types of absolute pressure 
work. 

WAT Precision Indicators have 
many uses in research and 
development engineering. One 
is ideal for calibrating pressure 
transducers; another, for check- 
ing the calibration of flight in- 
struments and ground support 
equipment. These instruments 
also keep constant check on 
continuous production-line 


A W&T Absolute Pressure 


Gauge on the job means: 


% Accuracy 0.1% to 0.33% 

*% Sensitivity 0.01% to 0.2% 

*% Range 0.1-20 mm Hg to 
0-500 p.s.i.a 

¥* No corrections 

* Light weight, small size 


The accuracy of W&T Absolute 
Pressure Indicators approaches 
that of liquid columns... higher 
sensitivity assures faster re- 
sponse... large dial gives quick 
reading. 


For further information, 
write Dept. 4-127, 48 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 


quence.—Central Scientific, Div., Cen- 
co Instruments Corp., 1700 Irving 
Park Rd., Chicago 13, Ill. 
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the timepiece with a 10-nanosecond tick 


Does your system evaluation require a digital stop watch with a ten nanosecond tick? 
The Quantizer is your answer. The Series LFQ Quantizer by Computer Equipment Corp. 
enables you to measure and read out the elapsed time between two events or series of 
events with a resolution of ten nanoseconds—an order of magnitude better than previously 
available equipment. Sampling rate can be as high as 106 per second. * The Quantizer 
forms the heart of Air Force sled velocity measuring systems which evaluate Minuteman 
and other important missile projects. Diamond Ordnance Fuse Labs, in conjunction with the 
Marshall Space Flight Center, will utilize the Quantizer to measure the altitude of the Per- 
shing missile during test and operation phases. Perhaps the Quantizer can help you too. 
* Write for more details, and include your output code format and other pertinent information. 


QUANTIZER/ COMPUTER EQUIPMENT CORP. 
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RELIEF VALVE 


New 5300 Series Relief Valve oper- 
ates from 850 to 7200 psi, from —40° 
to 200°F; provides dead tight sealing 
to well above 95% of preset cracking 
pressure. Design permits system back 
pressure on poppet to increase its 
lift and provide maximum flow char- 
acteristics.—Circle Seal Products Co., 
Inc., 2181 E. Foothill Blvd., Pasadena, 
Calif. 
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VOLTMETER 


New Model 2100 explosion-proof 
Digital Voltmeter withstands 50-G 
shock, is for use in missile fueling and 
critical environments formerly “off- 
limits” for digital voltmeters. Atten- 
uator accuracy and bridge linearity 
are 0.003%; noise rejection (60 cps) 
is 80 db.—Cubic Corp., 5575 Kearny 
Villa Rd., San Diego 11, Calif. 
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SLIP-CLUTCHES AND BRAKES 


New line of mechanical slip-clutch- 
es and brakes are designed for con- 
tinuous slip, feature applications in 
tensioning and servomechanisms.— 
Machine Components Corp., 39 Fair 
Lane, Jericho, L. I., N. Y. 
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TUBE FITTINGS 


New Ridg-lok tube fittings are ma- 
chined from type 316 stainless steel 
especially for corrosion resistant serv- 
ice. Size range is 2 thru 16: for tub- 
ing of %” thru 1” OD.—Parker Fit- 
tings & Hose Div., Parker-Hannifin 
Corp., 17325 Euclid Ave., Cleveland 
12, Ohio. 
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MAGNETIC AMPLIFIER 


New Model F! low level magnetic 
amplfiier has power gain of 3,000,- 
000 and requires no preamplification. 
Delivers 1 watt of de power to stand- 
ard aircraft relay when controlled 
by only a few microwatts of de or ac 
power. PICO Bulletin 260.—Poly- 
phase Instrument Co., Bridgeport, 
Penna. 
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ULTRASONIC TESTER 


New Model 424-D Immerscope for 
ultrasonic nondestructive testing of 
plates, ingots, pipe, also tests reason- 
ably elastic materials such as glass, 
hard rubber and ceramics. Features 
include variable pulse repetition rate, 
high-speed flaw-alarm circuit, built- 
in recorder output circuits and video 
delay circuit.—Princeton Div., Cur- 
tiss-Wright Corp., Box 110, Princeton, 
N. J. 
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LINE-OPERATED VALVE 


New Line-Operated Valve (500, 
1500, and 3,000 psi) operates by line 
pressure alone or by normal pneu- 
matic, hydraulic and electric systems. 
Seal is leakproof as sealing pressure 
is proportional to and directly op- 
poses line pressure.—KeXplore, Inc., 
Box 222388, 3795 Richmond Ave., 
Houston 27, Texas. 
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REGULATORS 


New Series 200 Regulators give 
performance of 2-stage regulator with 
simplicity and economy of single 
valve. Output pressures not affected 
by varying inlet pressure; flow capa- 
city not restricted by extra valving. 
Gages unaffected by overpressure.— 
Kim Products, Inc., Box 1288, Lexing- 
ton, Ky. 
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OVER 
100 BILLION BITS 
WITHOUT A 


DENSITY 
RECORDING 


"906 IE HIGH SPEED 
MAGNETIC TAPE HANDLER 
TYPICAL CAPABILITIES OF 
POTTER HIGH DENSITY 
SYSTEMS 
High Density Systems by Potter 
can include such outstanding 
characteristics as: 

RELIABILITY: 
Transi 


‘on-line’ time at 1500 ppi 
BIT DENSITIES up to 2,000/inch 
TAPE SPEED up to 150 ips 


NUMBER OF CHANNELS 
up to 20 per inch of tape width 


INTERCHANNEL TIME 
DISPLACEMENT 
Less than 0.2 microsecond 
at 


INTERBLOCK GAP 
May be as short as 0.3; 0.75” 
typical for dual read/write 
operation at 100 ips 
ERROR DETECTION 
Parity channel provides 
single error detection 
ERROR CORRECTION 
Sin parity channel makes 
possi ingle error correction 


AND MANY OTHERS 
write for details 


For more than 40 hours of contin- 
uous operation, Potter High Density 
systems have recorded 100 billion 
bits without a single dropout. And 
—they’ve done it at the fantastic 
rate of 240,000 decimal characters 
per second. Only with the revolu- 
tionary new recording technique do 
you get this combination of 
extreme capacity with ultimate 
reliability. 

In the 40-hour test, less than 2 
seconds re-read time were required 
to recover information lost through 
transient error. More than 20,000 
passes of the tape can be made 
without losing information or sig- 
nificantly increasing the reading 
error rate. 


Tested and proven in computer sys- 
tems, Potter High Density Record- 
ing is presently available in the 
Potter 906II High Speed Digital 
Magnetic Tape Handler, and will 
be available in other Potter Tape 
Systems. 


Write today for details on how High 
Density Recording can be applied 
to your data handling problem. 


POTTER INSTRUMENT COMPANY, INC. * SUNNYSIDE BOULEVARD, PLAINVIEW, NEW YORK 
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CLOSED-CIRCUIT TV 
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Metritis, 
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New 20/20 self-contained closed- 
circuit TV Camera has video band- 
width of 8 Mec, permitting full 650- 
line horizontal resolution with any 
high quality standard TV monitor; 
resolution limited solely by video am- 
plifier in home TV receiver.—Kintel 
Div., Cohu Electronics, Inc., 5725 
Kearny Villa Rd., Box 623, San Diego 
12, Calif. 
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HIGH-SPEED COUNTER 


a 


FIRST AGAIN with 
ADJUST —ALL THERMOMETER 
Pat. +2,875,614 
adjustable stem length! 


New high-speed Sodeco Type 
4TiF6EM counting unit for speeds up 
to 250 impulses/see consists of Deka- 


A M i LLION tron tube, transistorized pulse shaper- 
7 amplifier, and Sodeco Totalizing 
: counter.—Landis & Gyr, Inc., 45 W. 


45 St., New York 36, N. Y. 


Adjust-Angle i > | cmon 
THERMOMETERS AGO. ose... so:e:csoo 


years, to U.S. Patent No. 2,524,894 awarded to Weksler. Until a few months ago, 
Weksler was the only adjust-angle thermometer you could buy. Today you have a PULLING FIXTURE 

choice from several different manufacturers who are in first model production of : New Model HCP- 
this remarkable instrument. : — D dual-purpose fix- 
: , ; ture for crystal pull- 
Thirteen years experience with a precise instrument represents a world of know- SR ing and floating 
a decisive consideration in your choice of Weksler! 1a zone applications for 
use with high fre- 
NEW WEKSLER ADJUST-ANGLE INDUSTRIAL THERMOMETERS, i quency induction 
COMPLETELY REDESIGNED, ARE FULL 2-INCH WIDTH... EASY Ey m 6@6oheating generator 
READING ... HIGHEST ACCURACY IN ANY RANGE YOU DESIRE. i consists of basic 
Yee «4C«F nit with traverse 


7- 9- 12-INCH SCALE SIZES, PLUS EXCLUSIVE 5” SCALE SIZE! be ; ; 
~ i ' mechanism and all 
controls including 


Write for Bulletin AA-60 i (C 7 
‘ 6 controls for opera- 
tion of induction 


, : and floating zone 

and crystal pulling 

“ORIGINATORS OF CORPORATION attachments.—Lepel High Frequency 
Laboratories, Inc., 55 St. & 37 Ave., 


WORLD RENOWNED : 
ADJUST-ANGLE : 195 EAST MERRICK ROAD, FREEPORT, L.I., N.Y. | Woodside, N. Y. 
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Indicating and Recording Instruments for Temperature, Pressure and Humidity 
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TIME GENERATOR 


New solid-state Model 320 digital 
Time Generator for system control 
and synchronization, or for time cor- 
relation among diverse data acquisi- 
tion and logging devices, uses 1-ke 
tuning-fork oscillator to assure time- 
base accuracy of 0.005%, generate 
timing markers at 0.001, 0.01, 0.1, 
and 1-sec intervals. Nixie display sup- 
plements 24-hr real-time decimal out- 
puts.—Lockheed Electronics Co., Box 
446, Metuchen, N. J. 
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PRESSURE SWITCHES 
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New adjustable Deltadyne pressure 
and differential pressure switches 
provide reliable indication over range 
from 15 to 200 psid, withstand sys- 
tem pressures or overpressures up to 
5000 psig. As differential pressure 
switches, they exhibit actuation pres- 
sures completely independent of abso- 
lute working pressure—Pall Corp., 
30 Sea Cliff Ave., Glen Cove, N. Y. 
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LOW PRESSURE SWITCH 
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New Low Pressure Switch handles 
max set pressure of 7 psig, features 
deadband of 2” water, repeatable ac- 
curacy of +0.5%. Ni Span C capsu- 
lar-type sensing element reduces any 
change in pressure set point by ther- 
mal reaction over operating range, 
—65° to 300°F.—Pamar Electronics 
Co., Inc., Subs. Hoke Inc., 1 Tenakiil 
Park, Cresskill, N. J. 
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NEW TRANSISTORIZED 
MINIATURE RECORDER OFFERS 


DC INPUT 
| ISOLATION anp 
NOISE-FREE DC OUTPUT 


NICKEL-CADMIUM BATTERY RESERVE 
POWER SUPPLY MODULE 


wwPUT TERMINALS 


TORQUE MOTOR AND TRANSOUCER 


TYPICAL FUNCTION MODULE 
ENCAPSULATED FUNCTION MODULES 
THERMOCOUPLE COMPENSATION 
ZERO INDUCTIVE ADUUSTMENT 
SPAN INDUCTIVE ADJUSTMENT 
FINE SPAN RANGE ADJUSTMENT 


FINE ZERO RANGE ADJUSTMENT 


CALIBRATING ADJUSTMENTS 


The unique DE VAR potentiometer/receiver recorder is particu- 
larly suited for Strain-Gage Transducers, Thermocouples and 
Resistance Bulb Elements. The isolated input circuit rejects high 
common-mode noise without resorting to input balancing. 
The DC output signal is sufficiently noise-free to feed data 
loggers or computers. In addition, a low noise, high frequency 
carrier signal is available for drift-free operation of controllers 
and alarms. 


@ Exclusive inductive zero and span ad- 
justment — continuously variable from 
0-5 mv to 0-50 mv. 

@ Complete solid state circuitry — includ- 
ing unique transistor chopper. 

@ Battery reserve — eliminates costly 
down time. 

@ Full scale rectilinear writing — with 1, 
2, or 3 pens. 


Our Technical Bulletin R-301 describes the most advanced 
miniature recorder now available — 


White today 
2 k...1. Gee mmnnceeemnenen 


SYSTEMS INC. 


A DIVISION OF GENERAL KINETICS CORPORATION 


LICENSEE IN THE EASTERN HEMISPHERE: 
DE VAR LIMITED *© LONDON 
A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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Measure 
High ‘Temperatures 


EASILY, 
ACCURATELY 


with the 


SHAWMETER 


The SHAWMETER is an automatic, direct-reading, two-color 
pyrometer for indicating, recording or controlling temperatures 
up to 6500°F. 

Measures the temperature of flowing metal, or of moving or 
stationary objects. No emissivity correction needed. Tempera- 
tures may be measured at a considerable distance from 
the object. 

Accurate, sensitive, rugged. Write for complete details. 


SHAW INSTRUMENT CORPORATION 


P. O. Box -L-46 Latrobe, Pennsylvania 
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RECORDER/REPRODUCER 


New Series T-1000 magnetic tape 
Recorder/Reproducers have as many 
as 20 channels for simultaneous re- 
cording of voice-frequency program 
material, variety of tape speeds and 
capacities, recording and reproducing 
time ranges from 8 to 24 hr. Features 
include: plug-in transistorized cir- 
cuitry, dual-flywheel flutter-free 
drive, straight-line threading, “fail- 
safe” sensing system.—Magnasyne 
Corp., 5546 Satsuma Ave., North Hol- 
lywood, Calif. 

CIRCLE 275 ON READER-SERVICE CARD 


PHOTOELECTRIC TAPE READER 


New Model PTR-7 Photoelectric 
Tape Reader uses light-chopper wheel 
and a-c coupled amplifiers to assure 
stability, better signal-to-noise ratio 
in reading more translucent tapes. 
Unit reads standard tape widths at 
speeds to 100 ips. Bulletin PTR-7.— 
Omunitronics, Inc., 511 N. Broad St., 
Phila, 23, Pa. 
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CARRIER-DEMODULATOR 


New 3%” x 5%” x 3” Model CD10 
Carrier-Demodulator for use with 
PACE Variable Reluctance Pressure 
Transducers, provides d-c output sig- 
nal for recording and control in d-c 
systems, operates on 95-125 v, 60 cps 
at 5 w. Stability is +%% full scale. 
—Pace Engineering Co., 13035 Sati- 
coy St., North Hollywood, Calif. 
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DIGITAL CIRCUIT ANALYZER 


New Model MT1 Module Tester per- 
mits dynamic tests under marginal 
conditions of input pulse amplitude, 
duration, rise time, etc. on solid-state 
digital circuit modules and PB 250 
computer modules. Flexibility achieved 
by generating test signals with stand- 
ard plug-in modules and routing them 
through operational test connector 
sockets and adapter to module under 
test—Packard Bell Computer, Subs. 
Packard Bell Electronics, 1905 Arma- 
cost Ave., Los Angeles 25, Calif. 
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4PDT RELAY 


New long-life KHP Series 4PDT 
Relays are rated for loads ranging 
from dry circuit up to 3 amps at 30-v 
de or 115-v ac resistive; coil operating 
voltages range from 6-110 v de. Time 
values of 15 msec max pull-in, 5 msec 
max drop-out, 3 msec max transfer 
time on pull-in and approx 1 msec 
transfer time on drop-out.—Potter & 
Brumfield, Princeton, Ind. 
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TAPE SIMULATOR 








New Model PS-250-L continuous 
tape loop Simulator provides 50 or 
more channels for repetitive play- 
back of data. Simulator uses 1” tape 
with 33 tracks in standard IRIG head 
configuration; bandwidth capabilities 
extend from dc to 5 ke at tape speed 
of 15 ips.—Precision Instrument Co., 
1011 Commercial St., San Carlos, 
Calif. 
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SOLENOID OPERATED 


VALVE 


Where remote control valve operation is desired, specify and 
use the G-A Cushioned Solenoid Operated Valve that auto- 
matically opens or closes on any type of electrical impulse. 
The operating sequence—whether on open or closed circuit— 
can be made to suit your requirements. Sizes 2” to 36’ 


1286 RIDGE AVENUE, PITTSBURGH 33, PA. 


Designers and Manufacturers of VALVES FOR AUTOMATION 
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FUNCTION GENERATOR 


New SF-1 Arbitrary Functiox Gen- 
erator whose drum position, or X- 
axis, is positioned according to a 
voltage input to the servo amplifier, 
Type A-1, has a voltage output pro- 
portional to the ordinate Y = f(x) 
of the chart drum curve. This curve 
can either be drawn with special con- 
ductive ink on standard 8%” x 11” 
graph paper, or can be a printed 
circuit on flexible plastic. Response 
time of drum position (X-axis) is 
approximately one sec, zero to full 
scale-—Alabama Automation Corp., 
Box 875, Huntsville, Ala. 
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HYDRAULIC CELLS 


New line of hydraulic cells, Model 
EC-RB, meets conditions of chemical 
and food processing industries in 
weighing tanks and bins. Cells are 
based on the familiar hydraulic pis- 
ton and cylinder principle and also 
utilize the “rolling ball” head con- 
struction which permits easy align- 
ment of the loading head and allows 
for expansion or contraction of the 
tank or bin without subjecting the 
cell to any harmful cross loads. Bul- 
letin 601.—A. H. Emery Co., New 
Canaan, Conn. 
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THE FLOW RECORDER 
YOU CAN COUNT ON 


Absolute dependability, under the most demanding operating 
environments—that’s the promise and the performance of the 
Barton 202A flow recorder. Thoroughly proven in the gas pro- 
duction fields, the 202A is enjoying ever-increasing popularity 
in gas transmission and distribution systems. It is compact and 
ruggedly built, not subject to the usual frailties of such a pre- 
cise instrument; it has built-in overrange protection, which 
allows it to maintain calibration under wide pressure fluctu- 
ations; it is immune to condensate problems, making it ideal 
for application in all geographical areas. A recently added 
bonus: the 202A can be fitted with the new Barton chart 
changer which allows the instrument to record continuously 
and unattended, for up to 16 days, using a fresh chart each 
day. For complete information and specifications on the 202A 
flow recorder, request Bulletin 202A-1. 


—¥ . . 
. f = “ 
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BARTON INSTRUMENT CORPORATION + MONTEREY PARK, CALIFORNIA 
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UV SPECTROPHOTOMETER 


ea 


New Model 202 ultraviolet-visible 
Spectrophotometer features optical 
null principle, automatic gain control 
system, 60° fused silica prism for 
high dispersion. Wavelength accuracy 
+0.5 millimicrons, UV; +1.0 millimi- 
cron, visible-—Perkin-Elmer Corp., 
Norwalk, Conn. 
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HIGH-SPEED TAPE READER 


New Model 300 R Photoelectric 
Tape Reader uses printed motor to 
advance paper tape asynchronously at 
rates to 300 lines/sec without use of 
brakes, clutches or pinch rollers. 
Eliminates mechanical members in 
capstan and reel drives.—Photocir- 
cuits Corp., 31 Sea Cliff Ave., Glen 
Cove, N. Y. 
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HIGH-DENSITY RECORDING 


New High Density Recording Sys- 
tem records magnetically on 10%” 
reel of 1” tape “approx 11 times 
amount of digital data recorded by 
conventional systems.” Provides re- 
liability despite data transfer rates 
as high as 360,000 alpha-numeric 
characters/sec, and at packing den- 
sities up to 1500 bits/in.—Potter In- 
strument Co., Inc., Plainview, L. I, 
ies 


CIRCLE 285 ON READER-SERVICE CARD 





RESISTANCE BRIDGE 
— 


New 10-channel Triple-bridge (vari- 
ation of basic Wheatstone bridge) for 
use in temp measurement with vari- 
able resistance temp probes suppres- 
ses lead resistances both at null and 
when unbalanced. Typically, when 
leads vary from 0 to 5 ohms collective- 
ly or individually, effect does not ex- 
ceed 0.1% of full scale. Bulletin 
86012.—Rosemount Engr. Co., 4900 
W. 78 St., Minneapolis 24, Minn. 
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LINEAR ACCELEROMETER 


& 


ge ee ey | 4 
New 4-0z Model A507TC unbonded 
strain-gage Linear Accelerometer is 
temp-compensated and gas-damped, 
has ranges from +25g _ through 
+100g, provides relatively constant 
damping from —65° to +250°F (no 
heater jacket required). Excitation 
is 5-v de or ac (rms) through carrier 
frequencies; full-scale open circuit 
output approx +20 mv at 5 v.— 
Statham Instruments, Inc., 12401 W. 
Olympic Blvd., Los Angeles 64, Calif. 
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AIR DRYER 


New Model AD-15 wall-type Air 
Dryer for instruments and pneumatic 
controls uses desiccant dehydrator, 
minimum valves and solenoids, dual 
tower design. Operating air pressure 
100 to 125 psig saturated up to 100°F, 
dry air outlet adjustable 0 to 30 psi, 
output at 10 psi 6 scfm, dew point 
—60°F.—S & G Mfg. Corp., Box 1309, 
New Orleans 10, La. 
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The float extension, see above, con- 
tains a magnet. When the magnet 
moves in the extension tube, the 
follower (outside the extension tube) 
follows. The follower position, in 
relation to the meter scale, indicates 
rate of flow. 


HAZARDOUS FLUIDS 
HIGH PRESSURE FLUIDS 
STEAM 


SK Metal-Tube (Armored) Rotameters 
were specially designed for measuring 
the rate of flow of hazardous fluids, 
fluids under high pressures, and steam 
in chemical, petroleum, and other 
industrial plants. 

These SK Rotameters combine accu- 
racy with sound design and sturdy 
construction to provide an easy-to- 
apply, easy-to-use instrument of 
considerable versatility. For, the 
Metal-Tube Rotameter can be used 
for direct reading or it can be arranged 
for remote indicating, recording, or 
controlling of fluid rate-of-flow. 

This instrument is made for tough 
service—has a tapered metal tube with 
flanged connections as shown, metal 
extension tube, float with magnetic 
extension, magnetic follower, meter 
scale, and a sturdy “Safeguard Type’”’ 
indicator case. 

Get complete details. Write to SK 
for new Bulletin 19A. 





For immediate Delivery, Standard SK Jet Ejectors, Rotameters, 
and Flow Indicators are stocked in Cornwells Heights (Phila.), 
Pa., Houston, Texas, and San Francisco, Calif. 








Schulte and Koerln 


INSTRUMENT DIVISION 


COMPANY 





2225 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. 
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FLOW INDICATOR 


New Flo-Eye Indicator reveals flow, 
direction, and condition of fluid inside 
pipeline through double sight glass- 
es. Prevents damage, conserves power, 
avoids shutdowns.—Dept. M-V, 
Schutte and Koerting Co., Cornwells 
Hts., Bucks County, Pa. 
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FM TUNER 


New Model 310-DR FM Tuner has 
2-uv sensitivity (“higher than any 
other tuner on market”). Distortion 
less than 0.5%, frequency response 
+0.75 db from 20 cycles to 75 ke. “Dy- 
namic interstation noise suppressor 
and exclusive electronic relay provide 
simple yet effective diversity reception 
system for unusually high signal qual- 
ity under extremely difficult condi- 
tions.”—H. H. Scott Inc., 111 Powder- 
mill Rd., Maynard, Mass. 
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PHOTORELAY SYSTEM 


New Model 8P12 System consists of 
Photorelay Receiver and _ separate, 
matching Light Source, will switch 
3-amp, 120-v resistive load at least 
two times a second with units up to 
20’ apart, requires no wiring.—Sig- 
ma Instruments, Inc., 170 Pearl St., 
S. Braintree 85, Mass. 
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LEVEL TRANSMITTER 


New Type 115S liquid-level measur- 
ing device is applicable to all types of 
liquid, and is especially suited for 
heavy, viscous materials or slurries. 
It can be used to measure, indicate or 
record on static head pressure ranges 
of 2” W.C. to 65 psi.—Fisher Gover- 
nor Co., Box 307, Marshalltown, Iowa. 
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POWER SUPPLY 


New Portable QCR36-30 Power- 
Supply has output range of 0-36 v at 
4 amp, features silicon control recti- 
fier input circuit which limits dissi- 
pation in main regulator circuit and 
provides electronic protection against 
excessive current and voltage tran- 
sients. Load protected by new elec- 
tronic circuit-breaker.—Sorensen & 
Co., Inc., Richards Ave., South Nor- 
walk, Conn. 
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RECEIVING TUBES 


Four new high-gain, low-noise, sub- 
miniature receiving tubes utilize “Sa- 
rong” cathodes and strap frame grids. 
Two are medium mu UHF double tri- 
odes, two are high mu UHF triodes; 
all feature superior performance com- 
pared with prototypes.—Sylvania 
Electric Products Inc., 730 Third 
Ave., New York 17, N. Y. 
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VOLTAGE MONITOR 


New solid-state VM 701 (2-amp, 
DPDT) and VM 702 offer small size 
(1 cu. in), repeatability better than 
0.01% under fixed conditions, tow 
power drain, and high shock. VM 702 
solid-state output drives relay sole- 
noid. Both units in any voltage, ac or 
de, single or double ended.—Syracuse 
Electronics Corp., Box 566, Syracuse 
| Oe. Ae & 
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HOLE 
HEARTED 


IS THE JOB 

DONE BY 

EECO’S 

LONG-LIVED | 
TP-401 ta 
PUNCHED-TAPE READE 


Looking for improved tape-ability? For sequencing automatic test- 
ing in ground support, or for the control of simulation devices, this 
ruggedized punched tape reader makes better, more reliable contact 
than any other reader because of unique springloaded pins. 


Reads 80 bits per frame at 6 frames per second. Searches at 12 ips. 
Includes neon-lamp verifier panel for quick checking of new tapes. 
Uses 1” paper or tough mylar tape with standard eight-level 0.1” 
punching. Manual or remote stepping, 4-digit frame counter with 
reset, other desirable features. 


Costs only $1,620 f.o.b. Santa Ana. (Or $1,490 for model TP-402 
without verifier.) Send for Data File TP-401. 


EECO also makes these other punched tape readers for special 
applications: 


Model TP-813 13-channel programmer for airborne use. $990. 
Model TP-201A 80-bit bi-directional programmer. $1,160. 
Model TP-860 8-channel time base programmer. $875. 


Automation Division 
Electronic Engineering Company of California 


1601 EAST CHESTNUT AVE. SANTA ANA, CALIF. KIMBERLY 17-5501 
® TWX: SANTA ANA CAL 5263 
Several important career opportunities are now open in EECO’s engineering 
department. Call or write Merl Perkins. 


EE O-18 
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Precision Measurement of Any Liquid 


In Tanks In Reservoirs 


@ This technique has proven to be of remarkable accuracy, utility and 
reliability —with any liquid; water, high-temperature products, petroleum 
derivatives, radio-active materials, the most active chemicals and molten 
metals. Combination of the Exactel Servomanometer with the purge 
bubbler principle is resolving problem measurement situations. The tech- 
nique is relatively new but thoroughly proven over the past three years. 
The process is one of weighing, rather than sensing surface level. Errors 
caused by temperature change, absorbed gases, etc., are eliminated. For 
this purpose the Servomanometers generally employ 32” or 60” Hg range, 
but other liquids or other ranges may be used. {§ The instrument’s accu- 
racies are such that systems now in use have been readily approved for bill- 
ing purposes; so accurate, in fact, as to practically defy calibration. [J The 
systems are simple, reliable and economical. Except for minor lubrication 
and tube-cistern cleaning at approximately annual intervals, Exactel Tank 
Gaging systems are expected to provide 70 to 100 thousand hours of service 
with no electronic 
(transistorized servo- 
_U™subbie amplifiers are used) or 
| Sight Gloss ° : 
| & Metering mechanical mainte- 
— nance in this service. 


Nitrogen 
Tank 


Equalizing Line 


Constant Flow Regulator 
if Tank is Sealed é 








RODOuG) 
Servo-Motor -- (“D-~- | Synchro - Recorder 
: : Plotier, Etc. 
Schematic 
of plumbing for purge bubble system. 














Several alternate data han- 
dling options are available. 
Itlustrated is 60” Modei 
1560!N-D for measurement 
of tank level with multispan 
mechanical recorder, digital 
encoder and counter to indi- 
cate level directly with a 
least unit to five decimal 
places. 


EXACTEL INSTRUMENT COMPANY 


185 Evelyn Avenue + Mountain View, California - YO 8-6558 
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PORTABLE POTENTIOMETER 


New Pyrotest portable Potentiome- 
ter in mar-proof plastic case checks 
thermocouple-actuated indicators, con- 
trollers, recorders; measures temp, 
and checks other potentiometers. 
Standard equipment includes 9 inter- 
changeable, direct-reading scales for 
use with any type thermocouple.— 
Technique Associates, 1413 N. Cor- 
nell, Indianapolis 2, Ind. 
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PULSE GENERATOR 


bs 





New Type 111 Pretrigger Pulse 
Generator for use with conventional 
oscilloscopes or specialized electronic 
equipment, provides both output and 
pretrigger pulses. Output pulses have 
+5-v amplitude, duration of 2 nano- 
seconds (min) and 100 nanoseconds 
(max) at low repetition rates—de- 
creasing to 20 nanoseconds at 100-kc 
repetition rate-—Tektroniz, Inc., Box 
500, Beaverton, Oregon. 
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TC REFERENCE JUNCTION 


ti-Channel Thermocouple Reference 
Junction for airborne and test cells 
replaces conventional ice bath as ref- 
erence temp for thermocouples; fea- 
tures precision and regulation to 3°F 
or better, uses multiple temp controls. 
Offers field-adjustable or fixed refer- 
ence temp with built-in resistance 
temp monitor. Bulletin 7——Aero Re- 
search Instrument Co., 315 N. Aber- 
deen St., Chicago 7, Ill. 
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TEMPERATURE SENSORS 


New Temperature Sensors, Delta- 
Couples, designed to indicate rapidly 
changing surface temperatures of 
steel structures over a wide range of 
pressure and temperatures, have 
either nickel-steel thermocouple junc- 
tions at either 0.0002” below the sur- 
face of interest for maximum re- 
sponse, or at 0.002” below the surface 
where abrasion is a_ consideration. 
Two basic models are available: Mod- 
el Si for extremely high pressures 
(100,000 psi transient) while Model 
S2 has a threaded body to facilitate 
installation.—Advanced Technology 
Labs., 369 Whisman Rd., Mountain 
View, Calif. 
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MILLIVOLTMETER 


New RF millivoltmeter Model 411A 
measures RF voltages from 1 mv to 
10 v at frequencies up to 1000 Mc. 
Two linear voltage scales in a 1:3 ra- 
tio help eliminate scale reading errors 
and provide maximum voltage resolu- 
tion. A db scale provides readings 
from —42 to +33.—Hewlett-Packard 
Co., 1501 Page Mill Rd., Palo Alto, 
Calif. 
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PNEUMATIC VALVE 


New Model I-J-4 fast-acting %”, 4- 
way pneumatic valve, single-solenoid 
operated, works with less than 10 psi 
and up to 150-psi line pressure. Valve 
has aluminum body, popper-type pis- 
ton, no springs in main body (permit- 
ting full line air flow).—Acro Air 
Associates, 16736 Foothill Blvd., San 
Leandro, Calif. 
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VARIABLE TIME DELAY 


New continuously Variable Time 
Delay Standard has infinitesimal res- 
olution time, readability better than 
50 millimicrosec, no time jitter, rise 
time essentially zero, bandwidth over 
2000 me, accuracy better than 1%. 
Maximum attenuation is 0.017 db at 
100 me, 0.68 db at 1000 me, 0.85 db 
at 1500 mc.—Ad-Yu Electronics Lab., 
Inc., 249-259 Terhune Ave., Passaic, 
N. J. 
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HIGH- 


PRESSURE 


BROOKS CAN METER THEM AS 
HIGH AS 100,000 FP’ SII Brooks rotameters work 


well under pressure. Right now there are several operating around the clock at 
40,000 psi, in process lines ranging from % to 2 inches. Operation has been 
very satisfactory. Even on heavily pulsating flows. (The meters have built-in 
provision for pulsation damping. It is simple. And very effective.) MJ Brooks 
high-pressure meters can be supplied with either electric or pneumatic trans- 
mitting extensions. Both are compatible with most receiving instruments. Both 
use the Brooks magnetic position converter, the most reliable transducer of its 
kind. M@ If you have a high-pressure metering job, ask us about it. We can 
probably give you exactly what you need. And at a price somewhat lower than 


you'd expect to pay. Design 
Specification Sheet 3613 will i > BROOKS INSTRUMENT CO., INC. 
5004 W. VINE ST. © HATFIELD « PENNSYLVANIA 
Brooks Instrument Canada Limited, Scarborough 


give you more information. 
S. A., Fribourg, Switzerland * Brooks Instrument Nederland, N. V., Veenendaal, N 














, Canada * Brooks Instrument Company, 
jetherlands 


SA 2360 
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TRUE RMS VTVM 
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New Model 120-7 rack-mounted 
true RMS VTVM offers direct, in- 
| stant readings of a-c voltages with 
accuracy of %% of full scale, uses 
special dynamometer movement to 
eliminate errors due to harmonic and 
spike distortions. Meter deflection di- 
rectly proportional to square of cur- 
rent through dynamometer movement. 
Input impedance of 1 megohm, funda- 
mental frequency response of 50-2000 
eps.—Trio Laboratories, Inc., Plain- 
view, N. Y. 
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ALARM THERMOSTAT 


Medel 8294 provides a single package 
method of maintaining plant-wide 
instrument accuracy at modest cost. 


Full-scale calibration accuracy of 0.25% for both AC and 


onst 


ee by local 
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DC meters over ranges from 0.25 millivolt to 2000 volts and 2 
microamperes to 20 amperes is provided by this completely self- 
contained unit. AC calibrations can be performed from 50 to 400 
cps., depending on line frequency used, or the Model 829A can be 
driven by an optional variable frequency power supply (see below). 


DE 4.3100. 
rations available 


The Model 829A is a comparison type 
calibrator, using horizontally mounted stand- 
ard meters of high accuracy and dependability. 
Range switches and high voltage discharge 
circuits are safety interlocked, protecting the 
standard meters and the meter being tested 
from accidental overloading. Model 829A can 
be used effectively and safely by personnel not 
previously acquainted with instrument calibra- 
tion techniques. Net price $3,150. 


The most compact calibration 
system available is also mobile. 


Photo inset shows the Model 829A se- 
cured with shock mounts on the RFL Model 
10 Test Equipment Cart with the standard me- 
ters recessed into a drop-leaf work shelf. In the 
Cart is a Model 500 Variable Frequency Power 
Supply for line regulation and for supplying 
any frequency for calibration from 50 to 400 
cps. 

Performance is rigidly guaranteed. 

Prices are f.0.b. Boonton, N.J. 
and subject to change without notice. 


Radio Frequency 


RATORIES, INC: 


LABO jersey, U 


Boonton, New 
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New Model 265 Miniature Immer- 
sion Alarm Thermostat for use in 
liquid-cooled engines, oil-cooled trans- 
formers, etc. does not impede flow of 
circulating liquids, can be used with 
alarm devices, pilot lights, solenoids 
and relays. Contacts are of normally 
open type which close with rise in 
temp.—George Ulanet Co., 413 Mar- 
ket St., Newark 5, N. J. 
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MINIATURE VALVE 


New Series “O” Valve equipped 


with Swagelok tube fitting connec- 


tions for %” O.D. tubing, in brass 
and type 316 stainless, has straight 
pattern, forged body 2%” high. Pres- 
sure rating, 3000 psi at room temp; 
orifice, 0.080”.—Whitey Research 
Tool Co., 5525 Marshall St., Oakland 
8, Calif. 
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RADIATION PYROMETER acco 
Helicoid 
Ga 


Patented in the U.S.A., and in foreign countries 
U. S. Patents: Re, 27954, 2294869 


Standard bushings are 
tigidized Teflon. 


New Pyrotron Radiation Pyrometer 
measures temps to 4000°F within 
+1% of temp span. High signal out- 
put of 60 mv at 2200°F permits use 
of a-c type receiver-recorder up to 
500’ away; built-in optical sighting 
system checks alignment.—Bailey 
Meter Co., 1050 Ivanhoe Rd., Cleve- 
land 10, Ohio. 

CIRCLE 306 ON READER-SERVICE CARD 


TC REFERENCE JUNCTION 





Exclusive Helicoid movement provides... 
Sustained Accuracy... on the toughest jobs 


@ Helicoid Gages have no gears, no teeth, reducing wear to an 
absolute minimum. No danger of fouling, either—rolling action 
of cam facing keeps contact surface clean. Helicoid Gages have 
been tested through 75,000,000 cycles, with virtually no wear or 
loss of accuracy, while conventional geared gages became useless 
after 500,000 cycles. 

Helicoid Gages give sustained accuracy even when subjected to 





New Model TRJ 3006 elevated temp 
Thermocouple Reference Junctions 
are basically stable devices designed 
around on-off type temp control sys- 
tem which operates on small temp dif- 
ferential. Cycling temp effect damp- 
ened by heat sink until temp varia- 
tion is less than —1/6°F.—Temptron, 
Inc., 7030 Darby Ave., Reseda, Calif. 
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PLATFORM SCALE 


New corrosion-resistant Model 
ISBM bench-type Platform Scale in 
capacities of 50, 100 and 200 Ib has 
stainless steel 13” x 17” platform, 
pivots and bearings, and 4-coat tin- 
lead undercoating. Iso-Elastic springs 
are temp compensated 0° to 150°F.— 
John Chatillon & Sons, 85 Cliff St., 
New York 38, N. Y. 


violent pressure pulsations or mechanical vibrations. Pointer can 
be set externally, without removing glass, and cannot be jarred 
out of position. Dial faces are easy to read, won’t corrode or 
chip. A full range of Helicoid Gages is available for any applica- 
tion. Next time, specify Helicoid—the gage that stays accurate. 


- Ry Bourdon Tubes 
tere 
— won't Stretch, 
Leak, or 
Crack 


Helicoid Bourdon tubes are 
made from seamless tubing, and 
are designed for maximum 
torque and minimum stress. 
At the factory, each tube is in- 
dividually tested, overpres- 
sured, and stress relieved. Four 
materials—alloy steel, K Monel, 
stainless steel, and phosphor 
bronze—are available to meet 
applications ranging from tap 


water to almost any acid. ma. 


WRITE for details 





NEW! 

Solid-Front 

Safety Case 

Gives Added 
Protection 


The new Helicoid solid-front 
case diverts the force of a burst 
in a backward direction, away 
from the operator. The force 
escapes by deforming, though 
not detaching, the back cover 
plate. Helicoid Gages are also 
available in phenol, acaloy 
flanged, acaloy flangeless, pol- 
ished flangeless, round flush, 
polished flush ring, and square 
flush cases. 


Ask for Catalog DH-65 


‘HELICOID GAGES 


| Helicoid Gage Division - American Chain & Cable Company, Inc. 
929-B Connecticut Ave., Bridgeport 2, Conn. = 
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Cox Converter 
Model 741 Cox Preset Counter 


Cox Digital Indicator 
Totalizer Model 21 


P. 
Controller Model 643 
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The most important element in any flow measurement or 
control system is the primary transducer. Start with a good 
signal and the final readout or control will be good. And, 
as many users are finding, a good way to start is with Cox 
Turbine Flowmeters. Here’s why— 


Signal output versus flowrate is extremely stable and is 
+1/4% or better of actual flowrate with rangeability as high 
as 65:1. Besides, Cox turbine flowmeters are rugged .. . 
usable with most fluids at extremes of temperature and 
pressure . . . and are easily disassembled for cleaning in a 
matter of seconds without affecting calibration. To insure com- 
plete system accuracy, Cox also builds auxiliary readout and 
control equipment. 

For more information write Cox Instruments, George L. 
Nankervis Company, 15300 Fullerton Avenue, Detroit 27, 
Michigan. 


Write for Handbook on Cox Turbine Flow 
Measurement and Control Systems No. 3000. 


GOI inSTRUMENTS 


Division of GEORGE L. NANKERVIS COMPANY 


Representatives in principal cities, 
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New Model 131 Pulse Generator has 
10-nanosec rise time and delivers 50- 
v pulse into 50 ohms.—E-H Research 
Laboratories, Inc., 163 Adeline St., 
Oakland 6, Calif. 
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OPERATIONAL AMPLIFIER 


New Model C/100/B_ octal-base 
plug-in Operational DC Amplifier 
for analog computer and instrument 
applications has gain of 30,000 de 
open loop. Band width is over 400 kc 
with 0.6 usec rise time as unity in- 
verter. Output 3 ma over +100-v dec; 
may be short-circuited without dam- 
age—Embree Electronics Corp., 993 
Farmington Ave., West Hartford 7, 
Conn. 
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CRYSTAL MOUNTS 

New line of Coaxial Crystal Mounts 
has four basic types which will hold 
the ceramic cartridge, small and large 
coaxial, and tri-polar types of crys- 
tals. They are equipped with a choice 
of N, BNC, TNC, C, or HN male or 
female input connectors and BNC, 
TNC, or Microdot output connectors. 
A total of 6,250 combinations of crys- 
tal mounts are available for immedi- 
ate delivery from stock.—Microlab, 
570 West Mount Pleasant Ave., Liv- 
ingston, N. J. 
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STRAIN GAGE MONITOR 
New Model 213 Digital Strain Moni- 
tor, a self-balancing instrument de- 
signed for continuous measurement 
of one-, two-, or four- active-arm 
strain gage elements, with individual 
resistance arm values of 50 to 1500 
ohms, directly reads the output of 
resistance-type instruments such as 
strain gages, load cells, resistance 
thermometers, potentiometers, pres- 
sure cells, etc. Span settings permits 
sensitivity adjustment from % to 20 
mv/v. Accuracy is 0.1%. Bulletin 
gives details —Technical Industries, 
affiliate of Packard Bell Electronics, 
389 North Fair Oaks Ave., Pasadena, 
Calif. 
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THIN FILM MEMORY 

















New 4” x 3%” x 0.070” Type BIP- 
1000 Memory Planes store 20 words 
of 8 bits each or 160 bits, have cycle 
time of 0.2 usec. Storage elements 
(planer Ni-Fe films vacuum deposited 
on glass substrate) change magnetic 
state by “spin rotation” in nano-sec- 
onds.—Burroughs Corp., Electronic 
Tube Div., Box 1226, Plainfield, N. J. 


CIRCLE 313 ON READER-SERVICE CARD 


SOLID-STATE POWER SUPPLIES 


Be ee x 


New solid-state, convection-cooled, 
12-v Power Supplies operate in range 
of —20° to +65°C, feature less than 
0.001-v rms ripple, have center tap to 
provide 33-v ac for auxiliary positive 
bias supply (except ZA-727). Model 
ZA-723 is 300-ma plug-in, Model ZA- 
724 is 3-amp chassis-mount, Model 
ZA-725 is 1-amp plug-in, Model ZA- 
727 is auxiliary +12-v, 100-ma, regu- 
lated bias supply.—Engineered Elec- 
tronics Co., 1441 E. Chestnut Ave., 
Santa Ana, Calif. 
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VALVE ACTUATORS 


Three new air-powered diaphragm 
operators for remote actuation of dia- 
phragm valves (air-open air-close, 
air-open spring-close, and air-close 
spring-open) are built in four sizes 
for %” to 2” valves. Operators actu- 
ate diaphragm valves at line pres- 
sures to 150 psi; optional positioner 
with indicator provides for throttling. 
—RHills-McCanna Co., 4600 W. Touhy 
Ave., Chicago 46, Ill. 
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WITH A. P.1. METER-RELAYS YOU CAN MONITOR 
AND CONTROL JUST ABOUT ANYTHING! 


Handy gadget, the A.P.I. meter-relay. You can use it to indicate, 
monitor, and control practically any electrically transduceable vari- 
able. Things like moisture content, pH, motor load, radiation level, 
temperature, speed, light, sound. And, because it’s so highly sensi- 
tive (0-5 microamps or millivolts is the minimum range), you can 
pipe-in thermocouple, strain gauge and other low-level signals directly, 
without amplification. 

It’s a highly reliable device, too. You can reasonably expect to 
get at least 10,000,000 perfect make-break operations. You'll prob- 
ably get twice that many. We have. 

You can spec A.P.I. meter-relays in any range you want, from 
the minimums mentioned up to 0-50 amps or 0-500 volts, AC or 
DC. We can calibrate scales in any units you require. Control set- 
points can be either single (high or low) or double (both high and 
low). Catalog 4J will give you much useful and interesting informa- 
tion about meter-relays. It will also give you detailed, explicit 
specs and prices, Yours for the asking, of course. 


ASSEMBLY PRODUCTS INC. 
CHESTERLAND 10, OHIO 


SA 2396 
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SOLID-STATE RELAY 








New Model 120 all-transistor Relay 
has 25-v, 150-ma d-c output, accepts 
60-cps a-c, or d-c inputs. Turn-on 
point adjustable from 3 to 150 volts 
input, independently controlled turn- 
off point range from 50-100% of 
turn-on voltage.—K-F Products, Inc., 
3100 E. 48rd Ave., Denver 16, Col. 
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VOLTAGE STANDARD 








New Model 302 DC Voltage Stand- 
ard and Null Voltmeter has short- 
term stability better than 25 ppm, 
stability over 30-day period better 
than 50 ppm. Voltage settings made 
in 1-mv increments; up to 20 Ma of 
current available at any output from 


.000 502.110v.— Ki l Div., Coh 
Take the legwork out of 1.000 to 502.110v.—Kintel Div» Cohu 
Rd., Box 623, San Diego 12, Calif. 


liquid measurement ssanntad Secbngepene bone 


Here’s practical liquid measuring —the modern SOLENOID VALVE 
way...without roaming all over the lot! :, 
Liquidometer Gauges let you inventory distantly 
stored liquids at a glance. 


Completely automatic Liquidometer Gauges 
can be located as far as 250 feet from tanks. 
Think what this centralized system can mean 
in man-hours saved—let alone the additional 
safety of personnel who no longer have to trudge 
to, or tamper with, hard-to-get-at tanks. 


Simple to install, and requiring no maintenance, 
Liquidometer Gauges measure virtually all 
liquids conveniently, continuously, and cor- et bgp Valve = ge ta 

’ . : radioactive corrosive chemical solu- 
rectly. Th — ” type available for practically tions handles solutions in radiation 
every liquid measuring application. field as high as 25 million rads. Avail- 
able in standard 4%” pipe sizes (up 
to %” in specials) for normally closed 
and normally open applications in all 
normal a-c and d-c voltages.—Valcor 


Engrg. Corp., 365 Carnegie Ave., 
THE LIQUIDOMETER CORP. | Kenilworth, N. J. 
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For complete details, write 








INSTRUCTION MEMORY 


New high-speed Biax magnetic core 
instruction memories operate at 1 Mc, 
with access time of 0.4 usec using 
non-destructive readout Biax memory 
elements. No rewrite circuitry need- 
ed; standard input from punched pa- 
per tape, loading equipment detach- 
able-——Computer Products Operations, 
Aeronutronic Div., Ford Motor Co., 
Ford Rd., Newport Beach, Calif. 
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SWITCHBOARD METERS 


New Type AB-30 (a-c) and DB-30 
(d-c) switchboard instruments fea- 
ture 1% accuracy range, 10 to 20% 
savings in costs. Include voltmeters, 
ammeters, frequency meters, watt- 
meters, varmeters, power factor me- 
ters, synchroscopes.—General Elec- 
tric, Schenectady 5, N. Y. 


CIRCLE 320 ON READER-SERVICE CARD 


TRANSISTORS 


New TO-36 “pancake” series of 
germanium power Transistors fea- 
tures 150-w dissipation, lowest profile 
in TO-36 case, and 0.5°C/W max 
thermal resistance. Features: 100°C 
junction temp, guaranteed hrx ranges 
from 20 to 70, rugged internal and 
external structure—Texas Instru- 
ments Inc., Box 5012, Dallas 22, Tex. 
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GYROTORQUER SUPPLY 


Programmable constant current 
source for measurement of precision 
gyros or semiconductors designated 
CS-117 has a range of 0.1 wa to 150 
ma from 0 +100 v de. Current is set 
to six places by decade divider, and 
may be programmed or modulated by 
remote signal. Line and load regula- 
tion are better than 0.0025% with sta- 
bility assured by chopper feedback 
system.—North Hills Electric Co., 402 
Sagamore Ave., Mineola, N. Y. 
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THE SPARE PARTS PROBLEM 


The Electronics Business may not be the 
most tranquil enterprise for anyone to get 
into — either as a buyer or seller — as 
evidenced by one of the problems cur- 
rently plaguing both component makers 
and their customers. In a nutshell, the 
trouble is “equivalent” parts, made by a 
low bidder, failing to behave as the origi- 
nals did. The explanation, while not as 
simple as this, seems to boil down to the 
fact that specs and descriptive data alone 
aren’t enough for anyone to duplicate the 
performance of somebody else’s original 
part. It could be a matter of the inability 
of the blueprint and the mimeograph 
machine to be a satisfactory substitute for 
the original manufacturer’s experience, 
engineering skill, assembly methods and 
quality control. 


No one can argue the merits of saving 
money, and a good part at the lowest 
possible cost is a commendable achieve- 
ment. But when “low quote” means failure 
of critical equipment and personal hazard, 


there’s not much to be said for economy. 
On the other hand, if the low man does 
get all the information he needs to build 
an exact replacement of the original part 
(assuming he can build it), he is automa- 
tically getting the benefit of a great deal 
of work done and paid for by the original 
manufacturer. The polite term is usually 
"proprietary data.” Understandably, this 
arouses the “unfair competition” ogre. 





We don’t like to give away proprietary in- 
formation any more than the next person. 
Neither do we like to see unreliable compo- 
nents endangering life and limb. We think 
part ofthe answer may betogive the second 
man the same problem you gave the original 
supplier—not the blueprinted solution to 
imitate. Then test his result as carefully 
as you did the original successful one. 
This way, the odds are strongly in favor 
of your getting something that will work 
—and perhaps work even better. 


What do you think the answer is? 


*€. W. Schrader, Western Editor of DESIGN NEWS, made some 
good observations on this whole subject, see pp. 6-7, Jan. 16 issue, 


SIGMA 


SIGMA INSTRUMENTS, INC. 
75 Pearl St., So. Braintree 85, Mass. 
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ELIN Model VC-555 ($895.00) 


elin AC 


calibration 
instruments 

offer 3 versatile concepts to 
meet most applications! 


VC-555, a flexible unit, rugged, portable, 
for production line calibration of new-type 
differential voltmeters. 


APS-50, used with Primary Transfer 
Standards requiring continuously variable 
frequency and voltage outputs at 50 VA. 


a 
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ELIN Model DK-102 ($395.00 each) Precision Power 
Oscillators in modular systems function independently. 
Each unit gives single frequency and voltage with pre- 
cise, highly stable outputs. Shown in digital voltmeter 
calibration work at Hughes Aircraft Corp., Culver City, 
California. (Hughes Photo). Write for catalog, today! 


slin DivisIiom 


INTERNATIONAL ELECTRONIC RESEARCH CORPORATION 
135 West Magnolia Boulevard, Burbank, California + Victoria 9-2481 
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DIGITAL CONVERTER 


New Digital Converter for Pointer 
Instruments consists of scanner unit 
(shown) which attaches to pointer in- 
strument and electronic unit which 
houses circuitry and digital display. 
Scanner translates angular position 
of pointer into pulse time interval 
with accuracy of 0.1 +1 count, reso- 
lution of 1 part in 1000; output dis- 
play is Nixie-type tube with three 
digits—MacLeod Instrument Corp., 
4250 N. W. 10 Ave., Fort Lauderdale, 
Fla. 
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BALL VALVE 


New Petro Ball Valve Seabee im- 
proved sealing, 1-piece forging, and 
built-in union ends. Max pressure rat- 
ing for all sizes of valves with buna- 
N and neoprene seats is 300 psi; Tef- 
lon seats are rated to 600 psi for 1” 
through 2” valves, to 1,000 psi for 
%” through %”.—Clayton Mark & 
Co., Forged Steel Products Div., 1900 
Dempster St., Evanston, Il. 
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ATOMIC ABSORPTION 
SPECTROMETER 


New double-beam atomic Absorp- 
tion Spectrometer with automatic 
readout system complete for use in 
ultraviolet, visible and near , infra- 
red regions of 2000 to 7700A spec- 
trum, is “first to be announced by a 
U.S. commercial instrument manufac- 
turer.”’ Double-beam system easily at- 
tains high precision for trace metal 
determination since source variations 
are cancelled.—Perkin-Elmer Corp., 
Norwalk, Conn. 
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RECORD / REPRODUCE 
SYSTEM 


New Model 102A portable 2-chan- 
nel Record/Reproduce System with 
tape transport uses pulsed FM prin- 
ciple and _ transistorized circuitry, 
achieves 0.2% precision in recording 
and reproduction of analog data from 
0-400 cycles. Features: 3 tape speeds, 
wide dynamic range, independent re- 
cord and reproduce channels, low 
noise and low crosstalk.—Mnemotron 
Corp., 3 N. Main St., Spring Valley, 
N. Y. 
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NUCLEAR INSTRUMENTS 


r acme 





Four new high-performance radio- 
activity-measuring chassis instru- 
ments can be purchased separately or 
integrated in one unit, Logic 801 
(shown): (1) Preamplifier amplifies 
pulses from detectors; (2) High Volt- 
age Supply provides stable polarizing 
potential for radiation detectors; (3) 
Scaler counts pulses received from 
detector; (4) Timer records length of 
time counting, or stops counting at 
preset time.—Nuclear-Chicago Corp., 
359 E. Howard Ave. at Nuclear Dr., 
Des Plaivres, Ill. 
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PRESSURE TRANSDUCER 


A current-feedback, torque-balance 
pressure transducer with low drift 
qualities, the A-2 is widely used in 
electronic pressure-control systems for 
blowdown tunnels and aircraft engine 
altitude test facilities where high ab- 
solute accuracies are required. Be- 
cause of its speed or response (3 db 
at 40 cps), it is used also extensively 
in single-or multiple-pressure readout 
systems with suitable digitizing and 
printing equipment. Standard output 
ranges are 3 to 28 v and 0 to 25 v. 
Resolution sensitivity is 0.001% of 
full scale and calibration accuracy 
0.1% of full range. Linearity is 0.05% 
full scale—Hagan Chemicals and 
Controls, Inc., Controls Div., Box 
1346, Pittsburgh 30, Pa. 
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EXTENDING 

MAN’S SENSES 

IN HIS 
ENVIRONMENT 

AND BEYOND! 


With our dynamic progress in the technological sciences ... 
man’s sensorial abilities have been relegated to a point of lesser 
importance. Instrumentation — many times more perceptive 
than our sense of ‘‘touch’’ — is paramount! Such instrumen- 
tation is evident in the Proximity Scorer — engineered and 
produced by Franklin Systems, Inc. The Scorer records near- 
misses of up to 30 feet of a towed target or drone. A pro- 
jectile is tagged with a speck of radioactive material 

and when passing within a radius of the target, a 

hit is scored via a counter contained in the target. 
Pree at ee 

2734 HILLSBORO ROAD @ WEST PALM BEACH, FLORIDA e@ TE 3-4602 
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NEW GP PRESSURE CELL BY BLH 
... NEVER BEFORE SUCH ACCURACY 
AND STABILITY AT SUCH LOW COST — 


At last... a simplified, rugged pressure 
transducer for measuring fluid pressures from 
100 to 10,000 psi with a calibration 
accuracy of 0.15%. 


Feature by feature, the new GP Pressure Cell was 
engineered to outperform and outlast any 
pressure measuring device on the market. 

It is completely calibrated and stabilized 

ready for immediate installation. There are no 
moving parts to cause friction losses. Requires 
less warmup time. Has extremely low sensitivity 
to shock and vibration. 


Recalibration in the field is easy and fast. 
No bobbin type resistors to wind. All external 
compensating resistors are readily accessible. 


SR-4° Foil Strain Gages bonded intimately to the 
outside surface of a precisely machined 
stainless steel tube sensing element assure 
highest possible stability and accuracy. 

Output sensitivity is a high 3mv/v, with no 
sacrifice in safety factors or overload 
performance. 

All stainless steel construction provides positive 
protection against undesirable environmental 
conditions. 

“Temperature compensated over a range of 0°F to 
+150°F. Precise electrical shunt calibration 
over the full range. Calibration certificate, 
provided with each pressure cell, gives complete 
data on linearity, hysteresis and repeatability. 
Choice of electrical and pressure connections. 


Write for new data sheet telling how you can apply 
this advanced design pressure transducer 
in industry-wide applications. 


BALDWIN «- LIMA+ HAMILTON Zo) fist 


Electronics & Instrumentation Division M4 cto 
Waltham 54, Mass. ae 


SR-4° Strain Gages « Transducers « Temperature Sensors « Systems 
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THERMOCOUPLE 


bas 


New Universal TC Hotbox joins 
thermocouple wire directly to copper 
deep within its heat sink; uses ice 
bath principle, except that junction 
temps are accurately controlled at 
150°F. Tapered plastic sleeves wedge 
each thermocouple wire (to 51 pairs) 
into separate heat-sink socket.—Re- 
search, Inc., Box 6164, Minneapolis 24, 
Minn. 
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PRESSURE INDICATOR 


New 4% lb, 115-v Model 236 Pres- 
sure Indicator remotely indicates gas 
pressure, fluid pressure, thrust, and 
torque, operates in ranges of 0-50 to 
10,000 psi. Consists of voltage-regu- 
lated 60-cycle power supply for ex- 
citation of strain gage bridge, ampli- 
fier power supply, and transistor am- 
plifier to increase voltage level of 
bridge output to d-c meter movement. 
Data Sheet P-60236.—Taber Instru- 
ment Corp., 107 Goundry St., North 
Tonawanda, N. Y. 
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DEAD WEIGHT TESTER 
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New “Floating Ball” pneumatic 
Dead Weight Tester Model 750-A is 
primary pressure standard incorpo- 
rating friction-free spherical piston. 
Application of calibrated weights is 
only manipulation required during 
operation. Inherent self-regulation 
quickly produces sustained output 
pressure proportional to weights ap- 
plied. Resolution, repeatability, and 
hysteresis better than 0.005% of out- 
put; accuracy, 0.05% of output. Pres- 
sure ranges to 61 psi—R. J. Karr 
Co., 1605 16 St., Wyandotte, Mich. 
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SINGLE DISC MEMORY 

New 31” Single Disc Telex 31B has 
2 recording surfaces, 8 movable data 
heads for total memory capacity of 
nearly 10 million bits with 400,000 
bits available on fast access basis 
comparable to magnetic drum _per- 
formance. Provides over 9 million 
bits of random access storage capacity 
with average access time of 147 msec. 
—Telex, Inc., Data Systems Div., 2615 
lst Natl. Bank Bldg., Minneapolis 2, 
Minn. 
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FUNCTION GENERATOR 


tle 
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New Arbitrary Function Generator, 
in addition to yielding low frequency 
sine and triangle waveforms, repro- 
duces arbitrary waveforms to custom- 
er specs. Frequency range of 0.001 to 
10 cps in four ranges; accuracy of 
+3% of set frequency; output of 20 v 
max peak to peak, adjustable.-—Tensor 
Electric Development Co., Inc., 1873 
Eastern Parkway, Brooklyn 33, N. Y. 
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MAGNETIC AMPLIFIERS 

New Mega-Power 1310 Series Mag- 
netic Amplifiers in 7 sizes from 75- 
400 hp are for applications requiring 
high-capacity controlled d-c power for 
variable speed d-c motor drives (in 
plating, electrochemical processes, ac- 
celerator magnets, etc.). Have advan- 
tages over motor-generator power 
supplies. Bulletin 1316-3.—Vickers 
Ine., Electric Products Div., 1815 Lo- 
cust St., St. Louis 8, Mo. 
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AIR VALVES 


New Crescent “Mach 2” 3-and 4- 
way air valves rated for 1000 cycles 
per minute continuous duty feature 
3/32” solenoid plunger stroke (re- 
ducing coil heating) and reduced 
friction in pilot and main valve mem- 
bers. Rated at 150 psi air, valves are 
available in 4%” to %” pipe sizes.— 
Barksdale Valves, 5125 Alcoa Ave., 
Los Angeles 58, Calif. 
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Data-Master® modular design makes data logging 
easy, economical, and outstandingly versatile 


You select only the Data-Master modules you need. You never have to 
settle for less than you need, never have to buy more than you need. 
Only Data-Master gives you this outstanding freedom of choice. For 
example, look at these standard optional features: 
e Digital clock, calendar e Read-out options 
e Digital multiplier Typewriter 
@ Alarm options Tape punch 
Common limit Card punch provision 
Multiple limit systems Printer 
Scan for alarms between log cycles Strip chart record 
Alarm scanning only Combinations of above 
... And many others 


Logs practically any variable over any range, for example: tempera- 
ture, pressure, flow, liquid level, pH, humidity, etc. 

Automatically logs data from up to hundreds of points, hundreds of 
instrument readings. 

Low maintenance— Maintenance is simple, can be done by your own 
man. No waiting for a “factory expert.” Modular design allows easy 
checking. 

For more complete information, write to: 0.45 


THE BRISTOL COMPANY 


Waterbury 20, Connecticut 
Or nearest Bristol Branch Office 


Hors] THE DATA-MASTER CORPORATION 


Q Subsidiary of The Bristol Company, Waterbury 20, Conn. 
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ELECTRONIC 
Ady 
EQUIPMENT 


PHASE SHIFTER 


Models PS60 & PS400 


For measurement and 
comparison of phase 
angles or as a second- 
ary phase standard 


SPECIFICATIONS 
RANGE.......................... @-360° (continuously variable) 
ACCURACY 


jegree 
(Higher accuracies available) 
FREQUENCY 60 


400 
(other frequencies available) 


FREQUENCY STANDARD 


A SELF-CONTAINED 
FORK STABILIZED 
FREQUENCY SOURCE 

* Accurate 

© Stable 

© Low Distortion 

¢ Variable output voltage 
© Compact 





Mode! 1400 
SPECIFICATIONS 


(Other Freq. Avail.) 
Dimension...........................-.... 6XOXE inches 
Power Supply 115 volts, 60 CPS 


OTHER MODELS AVAILABLE 
DESCRIPTION: Utilizes scaling cir- 
ey ES cuits to provide tuning fork accu- 
racies at frequencies below the 
STANDARD range of precision tuning forks. 


AUTOMATIC HI-POT TESTER 


Model A FAST, ACCURATE, 
DIELECTRIC TESTING FOR 
MULTI-CONDUCTOR 
DEVICES 


DESCRIPTION: The function of 
this Instrument is to apply in 
. programmed sequence a known 
» voltage between the various 
~ conductors under test for a 
specific period of time and to 
Indicate breakdowns when and 
where they occur. 
SPECIFICATIONS 
(oo. Sarees 0-2000 Volts RMS 
T TIME... cco cesccccsesesesesereeeseresnce 0920 SOCONdS 
NUMBER OF TEST TERMINALS 11 


NULL DETECTOR 








A sensitive battery operated null detector ideal for 
spares bridges or other applications where com- 
plete isolation from power lines is desirable. 


* Long Battery Life * High Harmonic Rejection © 
Shielded against external fields 
SENSITIVITY: Tt microvolt fer 1% deflection 


INDUSTRIAL TEST EQUIPMENT CO 


Write for Catalogs 
Reps in Principal Cities 
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TAPE PLOTTING SYSTEM 


New digital Magnetic-tape System, 
Type 575, which permits plotting of 
digital computer results in continu- 
ous-curve form on an X-Y recorder, 
includes a digital tape transport, a 
digital magnetic tape translator, tape 
control unit, record-play amplifiers, 
and an Tutograf X-Y recorder. Com- 
puter tape speed is 75 o r112.5”/sec. 
The tapes are played back on a slow- 
speed 3”/sec tape transport for re- 
cording on conventional X-Y charts. 
Few controls are needed as compli- 
cated tape editing and digital “com- 
puting” hardware have been replaced 
by decks of IBM cards. Accuracy of 
the dig/an conversion is better than 
+ 0.1% of full scale. The translator is 
completely transistorized and features 
illuminated visual display, automatic 
parity checking and automatic search 
mode.—F’. L. Moseley Co., 409 North 
Fair Oaks Ave., Pasadena, Calif. 
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48” x 48” X-Y PLOTTER 


New automatic Digital X-Y Plotter 
assures accuracy of +00.001” on 48” 
x 48” working surface. Operates on 
digital measurement basis instead of 
percentage; eliminates warm-up time 
and possibility of drift. Slewing speeds 
are 0.004”, 0.08”, 0.8”, and 4” per sec- 
ond or faster.—Gerber Scientific In- 
strument Co., 89 Spruce St., Hartford, 
Conn. 
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DIGITAL VOLTMETER 


es 
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New Model V-1 AC-DC Digital Volt- 
meter is accurate to 0.5% of full 
scale for d-c voltage measurement, 
1.0% for current measurement. Also, 
new digital DC Ammeter and Multi- 
meter incorporating AC-DC Ammeter 
combine low cost with ruggedness and 
precision.—Electro-Logic Corp., 515 
Boccoccio Ave., Venice, Calif. 
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READERS & 
ADVERTISERS 


have a lot to look 
forward to in future 
issues of 


INSTRUMENTS and 
CONTROL SYSTEMS 


Each issue will highlight one of the 
instrument-control topics below— 


Temperature Measurement 
and Control 

Telemetering 

Recording 


System and Data 
instrumentation 


Numerical Control 


Process Instrumentation 
(Valves) 


Analytical Instrumentation 
and Stream Control 


Current and Voltage 
Control 


READERS will find each issue al- 
most a text in itself. 


ADVERTISERS will share in the re- 
sultant reader enthusiasm. 


FOR AD SPACE DETAILS—call 
your nearest ICS rep—see ad- 
dresses on page 558. 








MANUFACTURERS ... 


Don't forget to submit your 
free listings for ICS 1962 Buy- 
ers’ Guide. Publication in 
October 1961. Ad closing 
date—August 31. 











VOLTAGE DIVIDER 
> eee a | 


ie, 


New Model VDR-105 secondary 
standard Voltage Divider (inexpen- 
sive version of VDR-106) is used for: 
calibrating resistance-ratio sets, meas- 
uring relative voltage current or re- 
sistance over wide ranges, standard- 
izing lab instruments. Unit is 5-dec- 
ade Kelvin-Varley divider, with ac- 
curacy, resolution and long-term sta- 
bility rated at 0.001% (vs 0.0001% 
of 6-decade VDR-106).—Julie Re- 
search Laboratories, Inc., 603 W. 130 
St., New York 27, N. Y. 
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COLD LIGHT SOURCE 


New Aristo Mic-O-Lite II featur- 
ing four rings of cold shadowless 
light in a doughnut-type reflector, 6” 
in dia, which provides a 2%-inch 
aperture in its center, is an ideal 
source for precision inspection under 
magnification.—A risto Grid Lamp 
Products Inc., 65 Harbor Rd., Port 
Washington No., L. I., N. Y. 
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DIAPHRAGM RELIEF VALVE 


New Series 1000 Diaphram Relief 
Valve, which provides vapor tight 
seal to prevent leakage and eliminate 
waste, has spring and guides isolated 
from process fluid to avoid corrosion. 
Especially suited for nitrogen, light 
gas service, and water treatment. Cat- 
alog FE-138.—Farris Engineering 
Corp., 610 Commercial Ave., Pali- 
sades Park, N. J. 
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TIME DELAY RELAY 


lug-in, electronic 
time delay (intervals 0.003 to 300 sec) 
with instant recycle is available in 
single-and double-pole double-throw 
models. Uses cold-cathode tube. Time 
delays can be fixed or adjustable.— 
G, C. Wilson & Co., Box 5525, Hunt- 
ington, W. Va. 
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The Hungarian instrument industry, represented by METRIMPEX, 
Budapest 62, POB 202, presents its newest products together 
with scores of manufacturers from most other important indus- 
trial countries at the 


INTERNATIONAL MEASUREMENT 
AND INSTRUMENTS SHOW (IMIS) 1961 
Budapest, June 25 — July 4, 1961 


A non-profit exhibition, organized in support of the Inter- 
national Measurement Conference, (IMEKO) 1961. 


Information: IMEKO - IMIS, Budapest 5, POB 3, Hungary 


IMEKO — 1961 The great Measurement Conference 
of the year. 
IMIS — 1961 The great instrument show of East and West. 


Imported and exported by METRIMPEX 
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Over 40,000 copies of the 1962 
ICS’ BUYERS GUIDE 


wil] be distributed to instrument and control equip- 
ment and component users. Publication date— 
October 1961. Be sure your products are repre- 
serited with complete data in Catalog Ads and free 
listings. Contact any of our reps, listed on page 
372—or write ICS’ Buyers Guide, 845 Ridge Ave., 
Pittsburgh 12, Pa. 











/wsTrRufae's Outstanding 
FEATURES 


Temperature Compensated © Eliminates batteries 
.. errors due to bat- 
tery exhaustion 

e Reliable construc- 
tion... from quality 
components, long, 

© constant Voltage Unit trouble-free service 
oA — voltage 
Replaces Batteries and All reguiator . . . max. 
+,04% for +20% 

Standardizing Components ba — 


Including Standard Cell In 2 installed... 
porentiomerers /NSTRU[AB, INC. * Fis vlecent insti 
1205 Lamar Street ment battery space. 




















@ CONTROLLERS © INDICATORS aye No Tubes to replace 
iJ S f 
| @ RECORDERS b 4 Phone BA'3-2241 .. 
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Polyethylene Tubes enclosed in 
Virgin Plastic Sheath 


Tough plastic outer sheath with excellent chemi- 
cal atmospheric resistance. Inside tubes are 
polyethylene. Lengths to your requirements. 


Send specifications for quotation. 


PLASTIC 
COATED 


STOCK 
POLYETHYLENE 
TUBING METAL TUBING 
%" ©.D. x 040” walland Standards and specials to 
%” O.D. x .062” wall, in order, 


standard colors. 


Write for Bulletin PPI-59. 


PYRAMID PLASTICS, INC. 





556 W. Polk St., Chicago 7, lil. 


“INSTRUPACK” 
SPECIFICATIONS 


bes and Sheath 
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FREE! the Cathy that aw vortling iy 


Semi-Conductor Headquarters 
For Industry at 
Quantity Prices Competitive 
with Manufacturers 


Texas Instruments e Hughes 
Philco - General Electric 
General Transistor e Bendix 
e International Rectifier 
e Sylvania e Sarkes Tarzian 
e Hoffman e 1.7.8.7. @ RCA 
Motorola @ Raytheon e Ohmite 
CBS Electronics @ Westinghouse 


* COMPETITIVE FACTORY PRICES * COMPLETE ON-HAND STOCK 





Newark stocks and distributes 
over 450 top lines covering 
every phase of electronics! 


Semi-Conductors e@ Connectors 

Relays @ Switches @ Industrial 

Tubes eo Test Equipment 

Transformers oe Controls 

Resistors @ Meters e Capacitors 
e Pilot Light Assemblies 


* IMMEDIATE DELIVERY 


Your One-Point Source for All Your Electronic Needs 


LE \AVANI RIK 





ELECTRONICS CORPORATION 


223 W. Madison St., Chicago 6, Illinois 
4747 W. Century Bivd., Inglewood, California 
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BATTERY-OPERATED 
DC MOTOR 
| a 


New 1”-dia Type HYQM d-c Motor 
for battery-operated dictating ma- 
chines, tape recorders, etc., features 
high-efficiency low current drain, 
square brushes with pigtail connec- 
tions, self-aligning sleeve bearings 
or ball bearings. Governor optional. 
Specs: 4.5-30 v de, 1500-5000 rpm 
(governed), 0-0.20 oz-in torque.— 
Barber-Colman Co., Motors and Com- 
ponents Div., Rock St., Rockford, Ill. 
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INDICATOR ASSEMBLIES 


New “Econoglo” Neon Glow Indica- 
tor Assemblies in two styles (with 
Tinnerman nut or snap-in plug) 
mount from front of panel, available 
with built-in current-limiting resist- 
ors. Plain, fluted, or flateap lens.— 
Drake Mfg. Co., 4626 N. Olcott Ave., 
Chicago 81, Ill. 
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WATER ANALYZER-RECORDER 


New Chemonitor duplicates princi- 
ples of colorimetric analysis, deter- 
mines and records continuous on- 
stream analysis of water. Recorder 
may operate as upper-limit switch. In 
0-300 parts per billion silica range, 
unit detects concentrations of 5 ppb 
+2.—Water Chemicals Div., Hagan 
Chemicals & Controls, Inc., Hagan 
Center, Pittsburgh 30, Pa. 
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METRAPONT-BRIDGE 
ie Pa. 


New Metrapont-Bridge uses Wheat- 
stone bridge circuit to measure de and 
is connected to transistor amplifier 
with phase comparison for ac meas- 
urements. Transistor oscillator feeds 
800 cps to bridge. Features dc re- 
sistance measurements of 0.05 meg- 
ohms; capacity measurements of 5 
PF to 50 microfarads.—Physics Re- 
search Labs., Box 555, Hempstead, 
N.Y. 
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PILOT-POSITIONER 


New Pilot-Positioner combines a 
pneumatic controller with a separate 


make calculations directly in solving electroplating problems 
—_ 


No longer need you rely on empirical meth- 
ods made necessary by previous types of cur- 
rent density cells. With this new Linear 
Electroplating (Cell) Analyzer, total polari- 
zation can be calculated directly. Developed 
at the Polytechnic Institute of Brooklyn, the 
Analyzer cell was specifically designed to give 
linear distribution of current density along 
the electrode. Thus, calculations can be made 
from simple measurements. The unit has ex- 
tensive laboratory and field applications... 
is extremely useful in the control, develop- 


ment and study of plating solutions. 

Fabricated of Plexiglass (II-A) to fine 
tolerances. The two sides holding the elec- 
trodes are opaque, the other two are clear 
Plexiglass to permit unobstructed observa- 
tion. 


G-7953D LINEAR ELECTROPLATING ANA- 
LYZER consisting of Plexiglass cell and cover 


For reference, see J. ELECTROCHEM. SOC. 
103 p. 549 (1956). Reprints on request. 


New MANOSTAT Linear Electroplating (CELL) Analyzer 
simplifies current density study in the lab and field 





valve-mounted positioner by employ- 
ing mechanical feedback from the 
valve stem through a lever system, in 


DEPT. 423 NEW YORK 13, N.Y. 


The EMILAGREINER Cb. woo 
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place of pneumatic feedback from a 
bellows assembly, as used in most con- 
trollers.—U.S. Gauge, Div. of Ameri- 
can Machine & Metals, Inc., Sellers- 
ville, Penna. 
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DIGITAL SET-POINT 
CONTROLLER 


New Model JY Digital Set Point 
Controllers in 1-3 range models for 
temp or mv control have 3-digit, 1000- 
part dial, allowing control point in- 
crements as small as %°. Calibration 
not affected by leadwire length; con- 
tinuous electric cold junction com- 
pensation provided. Bulletin JY.— 
West Instrument Corp., 4363 W. Mont- 
rose Ave., Chicago 41, Ill. 
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LOW COST VALVE 
MANIFOLDS 
ELIMINATE 
BY-PASS VALVES, 
FITTINGS, PIPING! 


Dahl DEMI Miniature Pack- 
less Valves offer great porting 
versatility in isolating, routing 
and by-pass applications. For 
example. ..three-way manifold, 
used across a flow metering, dif- 
ferential sensing device allows 
it to be zeroed or isolated from 
line for test . . . reducing size 
and cost of installation. 
Patented basic design offered 
in forty-three styles . . . with 
metal-to-metal : seating, TEF- 
LON seats, or neoprene dia- 


G. W. DAHL + G. W. DAHL - G. W. DAHL - G. W. DAHL - G. W. DAHL oO 


ow. DAHL co. me. 


SPECIALISTS IN COMPACT VALVES AND CONTROLS 


. W. DAHL + G. W. DAHL +: G. W. DAHL - G. W. DAHL + G. W. DAHL 


TO d/p CELL 


phragms .. . all featuring bubble 
tight shut-off. 

Low cost “DEMI G” valves, 
in 4%” to 4%” N.P.T. sizes, pro- 
vide positive control in minimum 
space. Many actuating devices. 
Wide selection of construction 
materials. 

REQUEST free 32-page Cat- 
alog D-1 for complete details. 
G. W. Dahl Co., Inc., 82 Tupelo 
St., Bristol, R. I. 


IHVG'"M'S - IHVGO'M ‘DS - IHVG'M "D9 + IHVGA'M "DS > IHVG'M ‘DS 


G. W. DAHL + G. W. DAHL + G. W. DAHL + G. W. DAHL - G. W. DAHL 
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AIRPAX 


TELEMETRY 


Six new valves for control, regu- 


The Airpax all solid state Multi- 
channel Frequency Discriminator uses 
a single front panel switch to select 
each of the 23 IRIG telemetry chan- 
nels. The input comb filter extracts 
the required single channel frequency 
from the composite telemetry signal 

The meter displays an analog pre- 
sentation of percent deviation from 
channel center frequency. Terminals 
are provided for a 1 megohm re- 
corder load. Meter accuracy permits 
using the unit as a standard for cali- 
brating voltage controlled oscillators 
and similar devices’ 

Input is 10 millivolts minimum, with 
a 60 DB dynamic range. Linearity is 
0.25% or better of bandwidth and 
drift will not exceed 0.3% of band- 
width after initial warm-up 

Airpax also produces this unit 
without the comb filter as well as 
individual units for single channel 
monitoring. Single channel types have 
plug-in components permitting adap- 
tation to any desired channel 

All units are priced considerably 
below comparable equipments. Size 
weight, and power input are minimal 


ELECTRONICS 


SEMINOLE DIVISION + FORT LAUDERDALE 
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lating and relief in industrial hy- 
draulic systems are available for op- 
erating pressures up to 3000 psi. Ap- 
plications include boiler testing.— 
Besler Corp., 4053 Harlan St., Emery- 
ville, Oakland 8, Calif. 
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CERAMIC POWER TRIODE 


New D-1008 ceramic-metal Power 
Triod is water-cooled tube, featuring 
heavy wall copper anode and mesh 
type cathode. Tube rated at 60-kw 
full power input to 50 me and reduced 
input to 110 Me with max anode dis- 
sipation rated at 20 kw. As hard-tube 
radar modulator, D-1008 switches 220 
amp at voltages up to 18 kv at rated 
cathode voltage —JTT Components 
Div., Electron Tube Div., Box 412, 
Clifton, N. J. 
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TYPE JM ROTARY SWITCH 


New Type JM Rotary Switch with 
wholly enclosed contact mechanism 
controls up to 75 poles with single 
knob. Complies with BuShips draw- 
ings and Mil specs. Bulletin 22.-— 
Electro Switch Corp., King Ave., 
Weymouth (Boston 88), Mass. 
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DELAY LINE 


New Delay Line 2M1-5/5 achieves 
10:1 size and weight reduction by 
having 2 coils wound on each sub- 
miniature toroidal core and using 
temp-compensating ceramic disc ca- 
pacitors. Attenuation of 1% (0.008 
db), total delay 0.2 usec, rise time 
0.04 usec, size 0.25” x 0.4” x 1.75”.— 
Valor Instruments, Inc., 18214 Cren- 
shaw Blvd., Gardena, Calif. 
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TELEMETERING SWITCH 


‘ Be Bas 
New miniature (8 oz, 1%” x 1%” 
x 2%”) Telemetering Switch pro- 
vides up to 450 circuits for missiles 
and satellites. Low brush velocity ex- 
tends operating life beyond 1000 hr. 
Drive motor drawing 60 ma at 28-v 
de operates unit at standard speeds 
from 1-20 rps.—Electro-Tec Corp., 19 
Romanelli Ave., South Hackensack, 
N. J. 
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RADIANT OVEN 


New Sola-Jet Radiant Ovens main- 
tain constant-controlled temperature 
by having heaters on all sides of 
chamber. Special “jack-in” heated 
aluminum shelves applying direct heat 
to work load are optional.—Dept. 2, 
Temperature Engineering Corp., Riv- 
erton, N. J. 
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COOLER FOR IR DETECTORS 


ee) 
PG ee 


New Model FW-22 Cryogenic Cool- 
er is designed for cooling dewar-type 
infrared detector cells with liquid 
nitrogen, liquid oxygen, or liquid air. 
Will operate continuously for 22 hours 
from filing. May be operated to obtain 
temperatures down to 63 degrees 
Kelvin with liquid nitrogen.—Com- 
ponent Sales, ITT Laboratories, 3700 
E. Pontiac St., Fort Wayne, Ind. 
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Not a worry 


}...with C2020 PYROTROLLER’ 


positive temperature control 


! on 
SEN 5 ee 
ontrolling instromenh. — 


Pyrotac—a safety 

_Semperature cut-out 
temperatures in heat treatn 
furnaces, ovens, plastic moulding, 
cooking vessels or for any constant 
temperature requirement. Operates 
to prevent overheating even with 
power failure. 


The Alnor Flux 
Gate Sensing Coils 


The simple, rugged circuitry in the Pyrotroller has a minimum 
of components that operate well below their rated capacities. 
The circuit is not critically tuned and there is no need for 
repeated adjustment, no shifting of the control point, no need 
for preselection of the one standard vacuum tube. Sapphire jewel 
bearings and the very high Alnor standard of precision 
construction makes the Pyrotroller extremely accurate 
particularly in the low temperature ranges. 

The Alnor Pyrotroller is available in a wide range of 
temperatures, —100° F. through various maximum temperatures 
up to 3000° F. The minimum scale span is 400° F. and 
various ranges can be supplied to meet your particular installation. 
Write for complete information. Our engineering service is 
available on special requirements. 


ALNOR INSTRUMENT CO. 





Division of Illinois Testing Laboratories, Inc. 


Reem 518, 420 N. LaSalle $¢., Chicage 10, lilineis 
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ONLY AO TRACEMASTER 
OFFERS CONVENIENCE 
OF TILT-OUT 
WRITING TABLE! 


Only the AO Tracemaster offers this con- 
venient, tilt-out writing table. Smooth, 
positive linkage lets you tilt the exposed 
section of the chart out to a just-right 50° 
angle. An automatic braking device on 
the paper take-up mechanism maintains 
taut, wrinkle-free chart surface across 
the table. 


You can tilt the table and measure the 
record or write on the chart while the 
Tracemaster is recording ... you don’t 
interrupt the trace or interfere with the 
amplitude of the record in any way. 
When you're finished, simply snap the 
table back flush with the front of the 
cabinet... paper take-up mechanism au- 
tomatically rolls up loose chart paper. 


This extra convenience is another of the 
plus benefits offered by the AO Trace- 
master... the World’s newest and finest 
8-channel direct writing recorder. Get 
the complete Tracemaster story in detail. 
Colorful, 32 page Brochure is yours for 
the asking. Write for your copy today! 


American Optical Company 


Instrument Division * Buffalo 15, New York 
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COLLIMATOR 


New portable Service Collimator 
checks long-range lenses and cameras 
in field despite weather conditions. 
Based on premise that collimator ob- 
jective need not have focal length 
longer than lenses tested if it is cor- 
rected over considerable extra-par- 
axial field.—Zoomar, Inc., Glen Cove, 
ae 
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TIME DELAY RELAYS 


New “Tru-Dodo” Time Delay Re- 
lays, with fixed time delay periods 
from 0.050 to 100 seconds, feature cir- 
cuit design which provides true delay- 
on- drop-out logic, requires no power 
during timing cycle. With input pow- 
er (28-v dc) removed, relay remains 
energized as solid state timing circuit 
starts timing cycle. At end of cycle, 
circuit fires and de-energizes control 
relay.—Tempo Instrument Inc., Box 
338, Hicksville, L. I., N. Y. 
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FREQUENCY STANDARD 


New Model S-1159 Packaged Fre- 
quency Source has rated frequency of 
1-Me with stability (short term) of 
one part in one billion; combines pre- 
cision crystal oscillator, proportional- 
ly controlled oven and transistorized 
circuitry. Measures 11.5” x 4.2” x 5”; 
weighs 5.5 lb. Characteristics: aging, 
1 part in 18° per day; stabilization 
time required for aging rate, 72 hrs; 
warm-up time, 4 hr; frequency ad- 
justment range, +8 parts in 10°; out- 
put, 50-mv sine wave.—Reeves-Hof- 
fman Div., Dynamics Corp. of Ameri- 
ca, Carlisle, Pa. 
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THERMA BRIDGE 
GAS ANALYZERS 


for plant stream 
monitoring and 
controlling... 


Therma Bridge Gas Analyzers manufac- 
tured to the highest quality standards 
by Industrial Instruments incorporate 
the latest engineering advances in cir- 
cuitry and design. Models are available 
for indicating, recording, or controlling, 
featuring precision and reliability. 


Write today for complete technical data 
on the full line of Therma Bridge Instru- 
ments and Cells to... 


¢ ydustri al HSITHICH[S 


ry , ? 
CHGIHNCCTING ( OTp 
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AC-DC RELAY 


New Model 88 general purpose AC- 
DC Relay, interchangeable dimension- 
ally with many similar-size relays, 
features: armature hinge-pin center- 
less ground of stainless with oversize 
precision reamed bearing surfaces, 
glass insulation, independently riveted 
coil terminals, molded nylon bobbins, 
built-in contact wipe, modular con- 
struction—Magnecraft Electric Co., 
3350L West Grand Ave., Chicago 51, 
Til. 
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SHIELDED INDUCTORS 


eg 


New series 900 slug-tuned shielded 
RF inductors for high quality appli- 
cations, has range from 0.5 uh to 100 
uh in 10 steps and is most useful over 
the 0.5 to 60 me spectrum where the 
average Q is 70.—North Hills Elec- 
tronics, Inc., Glen Cove, L. I., N. Y. 
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TEE CIRCULATOR SWITCH 


New Tee Circulator Switch for use 
in frequency band 10.0-10.5 kme pro- 
vides isolation of 20 db between chan- 
nels with insertion loss less than 0.4 
db. Special tuning can peak isolation 
at any frequency in band. Switching 
requires 300 usec with 2 v applied to 
actuating coil—Rantec Corp., Cala- 
basas, Calif. 
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New MRA-2 Magnetic Record An- 
alyzer provides complete flexibility, 
absolute and universal time correc- 
tions, playback in time or depth, sys- 
tem noise cancellation, optional func- 
tions packaged separately, drum and 
track geometry compatible with ex- 
isting FM systems. Unit has 3-drums 
with 28 traces per drum, 4ke carrier 
frequency, deviation 1 to T7ke, and 
check trace of 100 cps from recorded 
tape.—Electro-Tech Labs., Div. of 
Mandrel Industries, Inc., Box 13243, 
Houston 19, Texas. 
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_ COMPARISON AMPLIFIER 


New Model 51 transistorized volt- 
age comparison Amplifier determines 
if an input voltage or series of input 
voltages is within preset limits by 
using colored bulbs and relays to op- 
erate warning and control devices 
within 90 msec. Sensitivity in excess 
of 500 wv and range of +50 volts (up 
to 100 volts as long as limit-to-input 
differential does not exceed 25 volts). 
—Non-Linear Systems, Inc., Del Mar, 
Calif. 
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INTERVAL TIMER 
AEE TE 


New setable Interval Timer uses 
miniature permanent magnet motor 
operating at stall as analog of me- 
chanical spring for its time base. Mo- 
tor drives safety and arming type 
escapement mechanism with accuracy 
of +17% or 0.15 sec over all condi- 
tions of military environment. Manu- 
ally set dial calibrated in 0.2-sec in- 
tervals from 0.2 to 28.0 sec. Any 
change in setting after starting caus- 
es timing cycle to abort.—Globe In- 
dustries, Inc., 1784 Stanley Ave., 
Dayton 4, Ohio. 
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THERMOCOUPLE 
ASSEMBLIES 


More than 100 complete T/C assemblies, 
available in a range wide enough to cover 
most applications in any industry, under 
any environmental conditions. Included 
are straight, angle, high-speed, high- 
temperature and spring-loaded assem- 
blies. They are among many thousands 
of accessories—all available from a 
single dependable 

source—to help 

your instruments 

perform at their 

best. 


Get details from 
your Honeywell 
field engineer, or 
write today for 
Catalog G100-1. ae 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 
1 Mhiporiea Soc 
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FIRST IN 
NEW LINE 
OF ANALOG TO 
DIGITAL 
CONVERSION 
PRODUCTS FROM 
HYDRO-AIRE 


This highly versatile basic 
transducer offers incremental 
conversion of shaft angle to 
digital measurement. Avaiiable 
in seven models, its maximum 
permissible speeds range from 
15,000 rpm at 128 counts per 
revolution to 1,250 rpm at 
2,048 counts, with sample 
rates ranging to 45,000 counts 
per second. 


Applications for the Hydro-Aire 
Phototron include analog to 
digital shaft converters, pre- 
cision analog servo with digi- 
tal readout, data reduction 
equipment, tachometers, and 
precision measurement and 
control. 


Detailed specifications are 
available on request, Related 
products soon to be available 
from Hydro-Aire, a member of 
the Crane Co. Systems and 
Controls Group, will include 
associated power supplies and 
binary and digital counters. 


HYDROAIRT 


3000 WINONA AVE., BURBANK, CALIF. 


DIVISION OF ERANED co. 


Solid-state devices include time 
delay devices, voltage regula- 
tors, power supplies, inverters. 
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New miniature Sequence Timer (11 
oz, 1%” x 2%” x 8”) for space ve- 
hicle use provides switch closures dur- 
ing and after powered flight. Accu- 
racy better than 3%; quick-set, ac- 
cessible cams adjustable within 0.1% 
total period; adjustable time span of 
1 second to 45 minutes; input less 
than 70 ma; multiple switch closures 
available. Surpasses mil specs.— 
Acton Laboratories, Inc., Space In- 
strumentation Div., 533 Main St., 
Acton, Mass. 
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ISOLATION TRANSFORMERS 


* 


b>. 7 


New electrostatically shielded 115 
to 115 volt transformers with power 
ratings from 5 to 500 VA are en- 
closed in MIL-T-27A cans; 1 to 2.5 
KVA units in special cans are also 
available. Primary to secondary ca- 
pacitance is less than 0.5 uuf—Topaz 
Transformer Products, Inc., 4995 
Weeks Ave., San Diego 10, Calif. 
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TAPE RECORDER/REPRODUCER 


Pres 


New 5-lb magnetic Tape Recorder/ 
Reproducer records, reproduces and 
erases teletype communications be- 
tween ground and satellite. Unit will 
relay messages from Army’s Courier 
satellite, will operate in outer space 
for more than a year.—Datalab Div., 
Consolidated Electrodynamics Corp., 
360 Sierra Madre Villa, Pasadena, 
Calif. 
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GROUP 


and companion 
‘*'Master-test"’ 
group for extreme 
services requiring 
the ultimate in ac- 
curacy and stamina. 


GROUP 
also for tough serv- 
ices, but less se- 
vere than the condi- 
tions served by the 
“Mastergauge” 


for the general run 
of gauge services. 
Marsh quality and 
accuracy at a mod- 
erate price. 


Within these three comprehensive Marsh 
groups you have the world’s widest (yes, 
and wisest) selection of pressure gauges. 
These groups of gauges are not grades 
... they are kinds...the MARSH kind... 
which means that each gauge, within the 
scope of its rated use, is the BEST of its 
kind! 

Pick the right Marsh Gauge and you have 
the best answer to your gauge problem. 


shah for latest data 


MARSH INSTRUMENT COMPANY 
Division of Colorado Oil and Gas Corporation * 
Dept. 42 Skokie, Ill., Marsh Instrument & Valve Co. 
(Canada) Ltd., 8407 103rd St., Edmonton, Al- 
berta * Houston Branch Plant, 1121 Rothwell St., 
Sect. 15, Houston, Texas * Eastern Seaboard 
Warehouse: Marsh Instrument Company, 1209 
Anderson Ave., Fort Lee, N.J. 


MARSH 
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FOR 
MORE 
PRODUCT 
DATA 


READER 
SERVICE 
CARD 


CIRCLE THE NUMBER that 
corresponds to the number ap- 
pearing with the product re- 
ported or advertised in this 
issue. 


PRINT YOUR NAME, title, 
company, address, etc., clearly, 
detach and mail. No postage 
needed. 





Every month—thousands 
of readers turn to and use 


Instruments and Control Systems’ 


ANNUAL BUYERS’ GUIDE 

to help decide specs and 
procurement of instrumentation 
and control equipment, systems, 
and components. 


Plan now to ADVERTISE 
in the next edition—October 
1961. Contact our nearest 
representative—see list 

on page 908, this issue. 








FIRST CLASS 
PERMIT NO. 1441 


PITTSBURGH, PA. 








Valid only: In U.S. and Canada; If filled out completely; Until 7-1-61 





Name 








Company 


City 








Principal Product ef Your Piant 








BUSINESS REPLY MAIL 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 


Pittsburgh 12, Pa. 


(Instruments Publishing Co., Inc.) 
845 Ridge Avenue 


POSTAGE WILL BE PAID BY— 
INSTRUMENTS and CONTROL SYSTEMS 














FZZFFIFISETECTCTECES 
FFZFFFTITBSSSIVISISS 
GUSTS SSSSSSSITSISISS 


BERSRARRRLELLZESELES 
BAZSASSSSEREREERERER 
SLTSATLTARRRARAGAES 
HHSRARSHAARRARASRRS 
BRSRARE 

RRARRRARRRREELARREZ 
SARAAAASRRERERARRER 
RALTLAS AKA KARAAARAEZ 
ANAARARAARARRARAARAL 
RERRRARRE 

BSssessssececzesrecs 
SISISSSSSK=AKKAKLELEB 


3 
Ft 
8 
a 








SSSSSSSSSSSKSTLSSETS 
SSSIVSSSSREKAKEKREKKB 
FSS SPSS SAS ATBRGRSS 
RNRARARAGRARARARATAKS 











838S 
SSLFRLS82 
SARIH= 


SSVBSSREESS 


L£Z 
bt 4 
1374 
1€&Z 


Ove 


E 662 642 652 6€2 
1SZ 


idz 


16 
€ 06% O42 OSZ 


€ 762 2% @SZ TE 
68€ 69F GRE 6Z7E 60E 682 69% bbz 


E 862 842 BSZ BEZ 
— 462 Lit L3U 
E 9% WZ WZ VEZ 
— S62 SlZ SSZ 
E b6Z LZ vSZ EZ 
— £62 E42 £ESZ 


vse Zee 7 
1g€ 


ist 


v O6€ OLE OSE OFE O 


60y 


iZ€ 
8% Shy SZh 80h SSE BIE BPE BZE SOE 88 892 BZ BZ 
i ive tb Lob L8E LIE LHE LTE LOE LOZ LI LoZ 


OOy O8F CVE OPE OZE OOE OBZ O9z 
6 66€ OLE 6SE SEE 6 
b 86& BLE SSE BEE 8 


> 46 Li LSE LEE 


& 96& 9LE GSE EE 9 
ioe 


» S6E SLE SSE SEE § 
& pee PLE HSE DEE & 


b €6€ ELE ESE EEE E 


b Ze ZLE 


4 


08h 09% OPP 
bly 65h bP 6 


Ste SOp SBE SVE SHE SZE SOE S8Z S9Z ShZ SWZ 


vo bey wih bOh POE PIE PRE bZE HOE HEZ HIT HHT HIT 


tip @Se Zee Z 
isp lt? 
Oly OSh Of 0 


ip 


99% We Wh Wr BE PIE WE IE WE WZ WZ WE GZ 


Sip 8Sr Str 8 
lip is Lie iL 
> Tr Mr 
Sip SSp Sth S 
vip bSh vir vb 
tip €Sp thy € 
6% br b2P 


Si Sb 


onusay ebpiy SPr8 
(2uy “os Burysyqng spuewnsysuj) 


SWALSAS TOULNOD PY SLNIWNYLSNI 
—A@ Givd 38 THM 3OVISOd 


"ed 'Z1 yBungstyig 


KRESS SVSUERROTE 


thy Eth €0p EGE EVE EVE EZE EOE E8Z EN Ede 





' gURId 4NOA 40 yoNPOig jedjoul.g 


2104 SSasPPe GIO MoUs “eSueY? ssesppe 203 42049 [) 








S31LV1S G3LINN 3HL Ni G2TIVW di AYVSS3D3IN dNVLIS 3OVISOd ON 


TIVW ATdHHH SSUNISNA 











TS-T-Z 13UN SAjeqejdwses yno pais 3] ‘epeued pue “*g*h UE :AJUC PITeA 











‘Vd ‘HOUNGSLLId 
lpvl ‘ON LINUSd 


Ssv19 Lsuld 








PRODUCT 





INDEX 


The following is a handy reference to products {and 
their reader-service number) reported in this issue. 
For more information on any product mentioned, 
circle the corresponding number on the reader- 


service card. 


This index is published as a service. Every care is taken to make # accurate, 
hut [&CS aseumes no responsibility for errors or omissions. 


Accelerometer, 98, 237, 287 

Air Dryer, Filter, 288, 450 

Air Sampler, 451 

Air Velocity, 183 

Alarm, 374 

Ammeter, 70 

Ammonia Analysis, 452 

Amplifier, 10, 152, 245, 310, 
360, 366, 414 


An/Dig Converter, 143, 250, 
372 


Annunciators, 42, 149 

Batch, 207, 258, 382 

Bourdon Tubing, 153 

Brakes, 263 

Bridge, 286, 346, 373, 46! 

Cabinet, 71, 231, 368 

Calibration Standard, 119, 
125, 211, 212, 358, 399 

Camera, 226 

Capacitor, 460 

Card Reader, 171, 448 

Cases, 47 

Chart Drive, 33, 82 

Charts, 39, 40, 114 

Circuit Analyzer, 278, 391 

Clutch, 263 

Collimator, 356 

Colorimeter, 345 

Computer, Analog, 72, 89, 
91, 442, 447, 449 

Computer, Digital, 195, 437, 
438, 446 


Combustion, 202, 456 
Commutator, 185, 353, 380 
Connector, 402, 403 
Controller, 87, 146, 209, 
343, 432, 433, 435 
Control Systems, 64 
Counters, 4, 83, 222, 238, 
251, 256, 270, 426, 428, 
429, 430, 453 
Cryogenic Cooler, 355 
Crystal Mount, 311 
Current Regulator, 21, 322 
Data Reduction, 26, 35 
Dead Weight Tester, 33! 
Delay, 352 
Dielectric Test, 458 
Digital Readout, 100, 445 
Drawing Instruments, 4/8 
Electroplating, 135 
Engine Contro!, 77 
Engraver, 48, 170 
Environmental Test, 51, 109, 


Exhibit, 27, 130 
Fastener, 405, 407 
Faultfinder, 242 
Feeder, 194, 218 
Flame Detector, 455 
Flow Indicator, 289 


Flowmeter, 62, 96, 105, 115, 
118, 121, 150, 203, 234, 
388, 421 


FM Tuner, 290 
Force, I4! 
wages Converter, 162, 


Frequency Response, 15! 
- Generator, 281, 


Gas Analyzer, 7, 50, 140, 
165, 259 


Gears, 406 

Gems, 4i! 

Hardness, 167 

Harness, 229, 417 

Heat Sink, 232 

Heat/Voltage Conv, 254, 
394 


Humidity, 255, 397 

Induction Heating, 271 

Infrared, 50, 325, 355 

Infrared TV, 248 

Integrator, 158, 174 

Inverter, 37 

ITV, 269 

Jewel Assembly, 68, 164 

Label, 239 

Laboratory Apparatus, 94 

Leak Detector, 257 

Level, 75, 117, 123 
205; 292, 389, 441 

Light Filter, 197 

Light Source, 340 

Logger, 128 

Logic Module, 213 

Mag. Amp., 265, 334 

Magnetic Tape, 8, 11, 24, 
227, 235, 249, 275, 280, 
285, 326, 336, 359, 364, 
370, 440, 444 

Magnets, 52 

Memory, 252, 313, 319, 332 

Metering Valve, 258 

Meter Relay, 122 

Meter Slave, 323 

Magnifying Lamp, 40! 

Motors, 343 

Multimeter, 377 

Name Plate, 176, 246 

Optics, 53, 168 

Oscilloscope, 457 

Oven, 354, 375, 392, 420 

Panel Meter, 320, 415 

Patents, 43! 

pH, 155, 454 

Phase, 104, 145, 413 

Photoelectric Control, 4, 


193, 


Pilot Light, 344, 379 
Pipette, 154 

Pneumatics, 23 

Pneumatic Transmitter, 182 
Positioner, 219, 347 

+ ‘wee 85, 296, 462, 


Power Supplies, 199, 244, 
. . 461 


Pressure Differential, 44 
Pressure Gages, 6, 106, 120, 
156, 330, 33, 464 


Pressure Regulator, 196, 268 

Pressure Switch, 273, 274 

Pressure Transducer, 41, 
127, 243, 277, 328, 424, 425 

Printer, 43, 216 

Process Control, 13, 55, 381 

Proximity, 126 

Pulse, Generator, 297, 309 

Punch Card Reader, 17! 

Punch Tape, 35, 215, 276, 
784 


Pyrometer, 306 
Radiation Tracking, 200 
Radioactivity, 327 
Rebuilt Instruments, 177 


Recorders, 28, 46, 73, 110, 
113, 139, 157, 160, 166, 
192, 435, 436, 439 

Relays, 18, 172, 279, 295, 316 

Resistance Wire, 102 

Scaler, 453 

Seal Ring, 408, 409 

Solar Energy, 240 

Soldering, 410, 419 

Spectrometer, 325 


Strain Gages, 191, 241, 247, 
312, 376, 434 

Switches, 58, 208, 221, 351 

Tachometers, 147, 180, 390, 
427, 430 


Telemeter, 5, 35, 137, 185, 
353, 443 


Temp 
Temp 

184 
Temp 
Temp 


. Chart, 204 
. Control, 25, 59, 138, 


. Meter, 8, III 
. Sens. Indicator, 61 


Temp. Transducer, 41, 299 

Terminals, 230 

Thermal Conductivity, 7, 
65, 387 


Thermocouple, 2, 99, 142, 
163, 298, 307, 329, 396, 398 
Thermoelectric, 394 
Thermometer, 181, 385 
Thermostat, 304, 386 
Time Delay, 19, 21, 
342, 57" scien 


Timer, 19, 107, 214, 272, 

361, 362, 365, 395 

Tone Generator, 378 

Tool, 173 

Totalizer, 217 

Transistor, 321 

Transformer, 363 

Tube Fittings, 12, 16, 45, 
264 


Tubes, 294, 350 

Tubing, 14, 63, 133 

Ultrasonic Sensing, 34, 220 

Ultrasonic Test, 266 

UV Detector, 283 

Vacuum, 260 

Valve, 267 

Valve Actuator, 236, 315 

Valve, Ball, 224, 324 

Valve, Control, 29, 36, %, 
101, 198, 369, 364 

Valve, Gate, 382 

Valve, Manifold, 136 

Valve, Relief, 15, 261, 341, 
49 


Valve, Small, 305 
Valve, Solenoid, 79, 112, 
206, 301, 318, 335 
Variable Speed, 67 
Vibration, 201 
Viscometer, 74, 459 
Voltage Comparator, 412 
Voltage Divider, 339 
Voltage, High, 22 
Voltage Reference, 132, 
| 


Guide, 393 
beg 17, 207, 210, 253, 
, 308, 422 
Wire, 404 


Wire Stripper, 80 
X-Y, 89, 337, 400 
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e TELEMETERING 


Pittsburgh 12, Pa. 


ICS' READERS can look forward to a 
comprehensive display of highly informative 
and useful data. 


MANUFACTURERS of telemetering 
and associated instrumentation, 
equipments and components will find 
June ICS a particularly valuable 
medium for their product advertising. 


(Instruments Publishing Co., Inc.) 
845 Ridge Avenue 


POSTAGE WILL BE PAID BY— 
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For ad and other details, contact our 
nearest rep—see list on page 558. 








for more data on 
products advertised 








or reported editorially 


1. CIRCLE THE NUMBER, on one 
of the cards, that corresponds 
to the number appearing with 
the advertisement, new prod- 
uct description or new man- 
ufacturer's literature. 


. PRINT YOUR NAME, title, com- 
pany, address, etc. clearly. Un. 
readable cards defy even 
punched card machines! 
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YOUR 
PERSONAL 
SUBSCRIPTION 


What's in it for you? 


A clean crisp copy each month and every month, 
completely free of “other reader" marks—no clip- 
or tear-outs—no creased, bent, coffee stained, dog- 
eared (or chewed) pages. 


And .. . you get the full benefit of outstanding 
editorial material—solid application data, uncen- 
sored by the scissor-wielding reader “up the list" 
from you—news that's still newsy—and unbroken 
“series” continuity. 


Your personal subscription 


To INSTRUMENTS & CONTROL SYSTEMS will as- 
sure you of receiving the important 1961 special 
feautres on the following: 


MAY—Temperature Measurement and Control 
JUNE—Telemetering 

JULY—Recording 

AUGUST—Systems and Data Instrumentation 
OCTOBER—Process Instrumentation 

OCTOBER—Process Instrumentation 

Enter your personal subscription now—use 


the postpaid card above. 





FOR YOUR 
LIBRARY ... 


Weight Measurement 
& Contre! $2.00 


edited by Milton Aronson. This definitive 
practical text on weight instrumentation 
begins with a survey of fundamentals, 
progresses through basic weighing tech- 
niques, typical applications, and typical 
commercial equipment. Paper, 78 pages, 
1961, 


Control Valves $2.00 


by C. S. Beard. New “one-book” refer- 
ence on control valves . . . covers flow 
characteristics; mechanical features; 
valve capacity; sizing; body types; posi- 
tioners; actuators, including d-c, electro- 
hydraulic and gas hydraulic actuators. 
Numerous tables and illustrations. Paper- 
bound, 236 pages, 1960 (revised edition). 


Regulators and Relief Valves $2.00 


by Chester S. Beard and Fred D. Marton. 
Covers regulators for pressure, vacuum, 
flow, temperature, level, gas systems, 
and pump discharge. Also safety, relief, 
and safety-relief valves; and automatic 
emergency valves, including shut-off 
valves for oil and gas transmission lines. 
Paper, 204 pages, illustrated, 1959. 


Strain Gage Instrumentation $2.00 


edited by Aronson and Nelson ”. ..a 
practical text . . . covers fundamentals, 
basic bridge circuits, typical applications, 
and surveys typical commercial instru- 
ments which use or are used with strain 
gages.” Paper, 110 pages, illustrated, in- 
dexed by company, author, and subject, 
1958. 


Electronic Circuitry for 
Instruments and Equipment $2.00 


by M. H. Aronson. “Comprehensive 
source book on instrument circuitry” this 
complete home-study text includes 458 
multiple-choice questions (and answers). 
215 illustrations, 10 tables, comprehen- 
sive index. Paperbound, 324 pages, 1957 
(revised edition). 


Digital Techniques 
for Computation and Control $6.00 


by Klein, Morgan, and Aronson. Includes 
code arithmetic, logical networks, multi- 
plexing, conversion, data reduction, digi- 
tal process control, two-terminal relay 
circuits, counting techniques, digital com- 
puters of all types, computer program- 
ming, digital differential analyzers, and 
basic principles, basic circuits, com- 
combined analog-digital equipments, 
ponents and available commercial equip- 
ments. Cloth, 394 pages, illustrated. 


Instruments Publishing Co., Inc. 
845 Ridge Avenue 
Pittsburgh 12, Penna. 





FREQUENCY DIVIDER/CLOCK 


New Model 113AR Frequency Di- 
vider and Clock permits adjustment 
of frequency or time standards for 
greater absolute accuracy, simplifies 
obtaining detailed records of drift 
rates or time or frequency differences 
between oscillators in widely sepa- 
rated systems. Propagation path er- 
rors can be averaged out; Doppler er- 
rors virtually eliminated; 10-usec 
time comparison capability —Hewlett- 
Packard Co., 1501 Page Mill Rd., Palo 
Alto, Calif. 
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OSCILLOGRAPH AMPLIFIER 


EM gt ae kage 


New low-cost oscillograph ampli- 
fier Model T249 has two independ- 


ent amplifier channels, a common 


power supply, and zeroing and sensi- 
tivity adjustments on each channel. 
Input impedance is 100 kilohm and 
frequency response is de to 10 ke. 
Maximum output is 8 milliamps and 
maximum sensitivity is 2 ma/v.— 
Avtron Mfg. Inc., 10409 Meech Ave., 
Cleveland, 5, Ohio. 
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ENVIRONMENTAL CHAMBER 





New chamber Model WF-27-125+ 
350 has range from —125° to 350°F. 
Pull down over the entire range re- 
quires 90 minutes; heat up takes 60 


minutes. Special vacuum equipment 


simulates 4 x 10° mm Hg in 45 min- 
utes. Inside dimensions are 36” x 36” x 
36".—Webber Manufacturing Co., 
Inc., Box 217, Indianapolis 6, Ind. 
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Designed to give rugged, depend- 
able performance, Series A-88 
Controllers provide versatile, posi- 
tive control of... Flow, Pressure, 
Liquid Level and other continuous 
process variables... accurately 
and automatically. 

© Rugged, null-type non-bleed Relay. 
© Simple, in-the-field linkage adjust- 
ment. 

® Maximum Proportional Band 
changes with minimum output pres- 
sure changes: 

© Proportional Band easily widened 
without disconnecting instrument 
tubing. 

*® Spring-closing Reset Valve sealed 
with bellows and calibrated according 
to time. 


Ask for Bulletin CT-49. 


M4 


AMERICAN 


METER COMPANY 


INCORPORATED FESTARLISMED tH R84 


General Offices: Philadelphia 16, Pa. 
Sales Offices in Principal Cities 
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with the accurate 
SERVO-TEK SPEED 
INDICATING SYSTEM 





A truly versatile “pockage” 

provides accurate speed indi- 

cation for almost anything that 

moves. Nearly every industrial 

process or machine can benefit 

by the economy and safety of 
. e pare 











FEATURES 


SELF-POWERED No botteries or 
external power required. 


LOW VOLTAGE Connecting cable 
can be as long as 500 ft. 


PERMANENTLY LUBRICATED BALL 
BEARINGS. 


EASILY READ 4%” INDICATOR 
Damped to withstand vibration 
ond shock. 


STANDARD RANGES 0 to 100, 
250, 500, 1000, 2000, 3000, 4000, 
6000, 8000, 10,000 and 12,000 
RPM. These speeds can also be 
provided to read “Percent of Full 
Speed” or “Percent of Capacity.” 
0 to 10 RPM available at small 
additional cost. 


00 «includes generator, 
$87 indicator (specify 
range), mounting base, coupling, 
and 15 ft. of electrical cable. 
Delivery from stock. Quantity 
discounts. 





TILTING CHASSIS SLIDE 


New slide design SS-300-T for rack- 
mounted equipment allows chassis 
to tilt up for quick access. With ca- 
pacity of 185 lb at full extension, the 
slide will mount a full 17” wide chas- 
sis in any standard 19” panel rack 
cabinet. It is 3” high and available 
in stock lengths of 14” to 24”.— 
Christman Industries, Inc., 1562 61 
St., Brooklyn 19, N. Y. 
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CONTROL VALVE 


4% 


New L-P-D (low pressure drop) 
Measurflo Control Valve automatical- 
ly compensates for pressure surge 
and pressure drop to maintain one 
constant flow rate. Built for pres- 
sures to 160 psi, 49 flow rates from 
2/10 to 50 gpm, pipe sizes from \4”- 
1%”, noiseless, self-cleaning, neoprene 
diaphragm. Folder 2305-7.—Automat- 
ic Controls Div., Hays Manufacturing 
Co., Erie, Pa. 


CIRCLE 369 ON READER-SERVICE CARD 


AIRBORNE TAPE MEMORY 


New MTR-800 medium-sized (9 Ib) 
tape recorder designed to eliminate 
loss of telemetry information during 
re-entry missile phases, or in over-the 


gem 


is i a 


horizon transmissions, is shown with 
24 oz MTR-362 and 12 lb MTR-1200 
recorders, also noted for operating 
under the roughest environmental 
conditions. Records on 7 or 14 chan- 
nels.—Leach Corporation, Special 
Products Div., 516 E. Compton Blwd., 
Compton, Calif. 
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MODULAR CONSOLE RACK 


New Prem-O-Rak Modular sloped 
Front Console provides 17%” panel 
space sloped front area 19° from 


sted 


vertical. Frames are finished in gray 
Hammertone, Panels in brown Ham- 
mertone finish.—Premier Metal Prod- 
ucts Co., 3837 Manida St., New York 
59, N. Y. 
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PLUG-IN RELAYS 


Multipole plug-in sensitive relays 
with high-heat polystyrene covers in 


DPDT and 3 PDT operate from as 
low as 25 milliwatts per pole, de only. 
Contacts are rated 5 amp 28v de or 
115v ac. Coil resistances to 20,000 
ohms.—Kurman Electric Co., 191 
Newel St., Brooklyn 22, N. Y. 
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DELAY LINES 


New miniature lumped-constant de- 
lay lines having delay times of 0.5, 
1.0, 2.0 and 3.0 usec accurate to +38% 
and in input impedances of 300, 500 
and 1000 ohms, +10%, are available 


in cylindrical form, 1” diameter by 2” 
long nine-pin header for standard 
tube socket mounting or in rectangu- 
lar form for use with printed cir- 
cuitry.—The Ralph M. Parsons Co., 
Electronics Div., 151 South De Lacey 
Ave., Pasadena, Calif. 
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BULL’S-EYE 


SIDE BY SIDE OR STACKED, 
DE-LINE modular design retains 
Original custom appearance as 
system grows. 


SAME PLUG-IN operates from 
normally open OR normally closed 
trouble contacts. 


Oj FOO 
AUXILIARY CONTACTS N.0.-N.c. 


standard with most plug-ins. 


SEQUENCE OPTION 
after installation by 
means of independent 
slide switch at each 
point. 


DE-LINE plug-ins are 
self-policing. Systems 
are rugged and 
dependable. 


THE jax INSTRUMENT CORP. 


Dept. G, 3101 N. Lowell Ave. * Chicago 41, lil. 
Avenue 2-6930 








REPRESENTATIVES IN ALL PRINCIPAL CITIES 
COMPLETE MONITORING SYSTEMS FOR INDUSTRY 
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FREQUENCY-TO-DC 
CONVERTER 


New Model PI-400 plug-in module 
frequency-to-de converter Pulse Rate 
Integrator furnishes a low impedance 
de output voltage and current pre- 
cisely proportional to the frequency 
or pulse rate of the input. Precision 
output of up to 5 volts is accurate to 
0.1%, with exceptional line and temp- 
perature stability—Anadex Instru- 
ments, Inc., 14734 Arminta St., Van 
Nuys, Calif. 
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DIGITAL ENCODER 


New Model EP-13B shaft-position 
Digital Encoder with 13-bit binary 
output employs non-contacting mag- 
netic readout. Only bearings and 
gears affect life, permitting opera- 
tion in any environment to 10,000 rpm 
with any number of readouts. Appli- 
cations in digital control and data- 
logging equipment in military and in- 
dustrial environments.—Electro-Me- 
chanical Research, Inc., Box 3041, 
Sarasota, Fla. 
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R-F POWER BRIDGE 


New precision R-F power bridge 
Model PB-1 is designed for use with 
200-ohm bolometer mounts using 
either 4.5 or 8.75 ma barretters or a 
pair of 13-ma thermistors. Accuracy 
of 14% in substituted power is 
achieved between 500 uw and 20 mw.— 
Weinschel Engineering, 10503 Met- 
ropolitan Ave., Kensington, Md. 
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PRECISION 
MEASUREMENT 
AT ANY 

FLOW RATE 


AMERICAN: 
WESTCOTT 


A-88& 


ORIFICE METERS 


Versatile American® Series A-88 
mercury-type orifice meters meet 
the toughest flow measurement re- 
quirements — working pressures to 
5,000 psi — interchangeable 10, 20, 
50, 100 and 200-inch ranges. Record- 
ing meters may be equipped with 
0-150° F. standard temperature ele- 
ment. Integrating meters integrate 
static and differential pressure, pro- 
viding totalized flow indications. 
Telemetering equipped meters 
transmit integrated indications to 
remote locations. 
@ Manometer body easily cleaned — 
does not affect calibration. 
@® Tamper-proof calibration — 
simple, positive adjustment of 
float lever arm length. 
Interchangeable ranges — 
no manifold piping changes. 
Teflon-packed stuffing box is 
pressure tight, nearly frictionless, 
never needs lubrication. 
Teflon-packed pulsation dampener 
externally adjustable under 
full line pressure. 
Check valves give positive shut-off 
for over-range protection. 


AMERICAN’ 


METER COMPANY 


INCORPORATED (ESTABLISHED FA36) 


General Offices: Philadelphia 16, Pa. 
Sales offices in principal cities 
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This is a 
frequency 
response 
analyzer 





. . it measures 
frequency response (out- 
put/input) over a fre- 
quency range from .01 cps © 
to 200 eps. The data are 
presented as in-phase and 
quadrature components as 
well as amplitude and — 
phase. High accuracy and 
_ high noise rejection are ob- 
tained by analog computer 
mechanization of Fourier oat 
~ analysis of the return sig- 
nal. Ask for Bulletin 711. 
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CDA ALARM 


fais rae 
Ag ee 


New 110-v synchronous motor safe- 
ty device for installation in the re- 
ceivers of government-sponsored Na- 
tional Emergency Alarm Repeater 
prevents accidental tripping of the 
alarm by stray electrical fields.— 
Controls Co. of America, 9555 Soreng 
Ave., Schiller Park, Il. 

CIRCLE 374 ON READER-SERVICE CARD 


PORTABLE TEMPERATURE 
CHAMBER 


New Hot-Cold portable temperature 
chamber is heated by electricity and 
cooled by either liquid CO. or dry ice, 
is regulated to any temperature in 
the —100°F to 500°F to within 
+%°F. Can be programmed by auxil- 
liary timer to alternate between high 
and low temperatures.—Delta Design, 
Inc., 7460 Girard Ave., La Jolla, 
Calif. 
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STRAIN GAGE CALIBRATION 


Calibration of strain gages at tem- 
peratures at which they are to be used 
is simply accomplished by new unit. 


Gages are attached to a constant 
strength cantilever beam which is 
placed in bending by a stepped sliding 
block at the beam’s free end. This 
subjects gages to known strains, and 
gage resistance measurements pro- 
vide gage factor. Can be used inside 
Dewar vessel to —425°F or in oven to 
500°F or more.—Cryogenic Research 
Co., P.O. Box 881, Boulder, Colo. 
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INCREMENTAL MULTIMETER 


New type of instrument expands 
increments of any range of assoc- 
iated multimeter to +1% of full-scale 
value of range. Used with a 5-mv 
sensitivity external servo recorder, 
it displays variations in any param- 
eter that may be represented as a 
voltage, current or resistance, such 
as line voltage variations—Tensor 
Electric Development Co., Inc., 1873 
Eastern Parkway, Brooklyn 38, N. Y. 
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Your best buy 
in 
operational 
amplifiers ? 


THE PHILBRICK USA-4J 
UNIVERSAL STABILIZED 
AMPLIFIER! 


Choose this amplifier when 
the need for exceptional 
reliability justifies the price, 
and enjoy the bonus of 
remarkably high perform- 
ance, Its reliabilty statistics 
rove it the best buy in the 
industrial and process con- 
trol fields, although the 
USA-4J was originally de- 
signed for military use. 


@ LOW DRIFT AND NOISE: 
well under 50 microvolts rms. 


@ GAIN: 100 MILLION minimum 
open loop at de; greater 
than unity at one megacycle; 
output, over +100 volts. 


@ COOL RUNNING: 
tubes and resistors operate 
at a fraction of wattage ratings; 
capacitors operate generally 
below 4 their voltage ratings. 


@ MIL STD PARTS: 
used exclusively. 


@ EMINENTLY 


SENSIBLE COST: Just $185 


FOR COMPLETE INFORMATION WRITE 








GEORGE A. 


PHILBRICK 


RESEARCHES, INC. 


127 CLARENDON ST. BOSTON 16, MASS. 
COMMONWEALTH 6-5375, TWX; BS 1032, FAX; BSN 
REPRESENTATIVES IN PRINCIPAL, CITIES 
EXPORT OFFICE; 240 W. 17TH ST., N.Y. 11, N.Y. 
TEL. CHELSEA 3-5200, CABLE; TRILRUSH 
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BOURDON 
TUBING 


ACCURATE ONE 
INCH TO ONE MILE 


Constant wall thickness . . . con- 
sistent spring properties ... exact 
duplication . .. whether a "C", a 
helix, or a  spiral—Precision 
Bourdon Tubing meets all these 
requirements. Precision’s modern 
production facilities offer you in- 
strument tubing to meet your most 
exacting specifications—tubing 
preformed or straight. 

Precision also offers Coaxi- 
tube, a metal shielded wire con- 
sisting of an inner conductor, in- 
sulation and seamless non-ferrous 
metal tubular shield forming a 
coaxial pair of conductors. Semi- 
rigid equivalents to all RG/U 
cables. 

Write for full details on “Preci- 
sion Tubing For Precision Instru- 
ments” to Dept. 3, Precision Tube 
Corporation, North Wales, Pa. 


GA 
ARECISION 


TUBE COMPANY 


CIRCLE 153 ON READER-SERVICE CARD 


TONE GENERATOR 


New 10-tone generator for missile 
telemetry and related applications. 
28-v de gate signals turn on respec- 


tive tone oscillators (30 eps to 400 
cps) producing composite signal for 
modulation of voltage-controlled sub- 
carrier oscillator or line transmission. 
—Alto Scientific Co., Inc., 855 Com- 
mercial St.,*Palo Alto, Calif. 
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LOW VOLTAGE NEON LAMPS 


Miniature LVN transistor driven 
neon lamps combine shock resistance 
and long service life of neon with ad- 
vantages of low voltage supply, have 


two equally bright electrodes, use only 
150 mw power. New 3-terminal unit 
lights only on application of input 
signal.—Transistor Electronics Corp., 
3357 Republic Ave., Minneapolis 26, 
Minn. 
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SOLID-STATE COMMUTATOR 


New Series ES 35 solid-state com- 
mutator, supplied in standard scan 
rates up to 25 ke and in different 
models of from 2 to 100 channels, ac- 
cepts signal ranges of 0-10 mv or 


0-5 v. Crosstalk is only 0.1% of input 
signal and linearity is within +0.1% 
deviation from straight line. Contact 
resistance 25 ohms max. Operates in 
temperatures to 125°C max, accelera- 
tion to 40 G and in explosive atmos- 
pheres.—Electronic Systems Develop- 
ment Corp., 1484 East Main St., Ven- 
tura, Calif. 
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| one-hand 
| pipetting 


s 


SAFER - SPEEDIER + SURER 


accr()perT 


PIPETTOR 


Eliminates Dangers of Contamination 
Found In Conventional Pipetting! 


Now, a pipettor that operates precisely, 
simply, perfectly with just one hand. 
Does away with the dangers and pos- 
sible contamination involved in usual 
pipetting procedures. What’s more, 
ACCROPET is specially designed to 
assure accurate discharge and filling at 
great speeds. 


Compactly shaped of high temperature 
polypropylene which can withstand 
temperatures up to 320°F. “O” ring 
construction provides exceptionally 
accurate, dependable, leak-proof action. 
Rubber tubing connection permits 
unusual flexibility, helps eliminate 
pipet breakage. 


PP-1000 Accropet, ultramicro size. For all 
pipets up to and including 2/10 cc., and 
especially recommended for Lambda-pettes. 
Packed singly or in cartons of six. $3.50 each, 
carton of six $16.80 


PP-1200 Accropet, micro size. For all pipets 
up to and including 2 cc., and red and white 
blood pipets. $4.95 each, carton of six $23.70 


See your local laboratory supply dealer, 


@) LANOS TAR ae 


26 N. Moore St., New York 13, N.Y. 
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Laboratory Electrode 


Plastic Flow 
Assembly 


Immersion Assembly 


To measure pH 


precisely 


start with 
L&N Electrodes! 


Widely used both in laboratories and 
on process lines, L&N Electrodes 
have earned universal recognition for 
dependable, precise measurements of 
pH and redox. 

Only L&N’s specially developed 
glass composition provides minimum 
solubility to extend electrode life ... 
minimum sodium error, to broaden 
the detection range. 

If you’re looking for a quality line 
of electrodes, ask for our informative 
Data Sheets: E-95(1) describing 
laboratory electrodes and NS5(1) 
describing industrial electrodes and 
mountings. Write Leeds & Northrup, 
4955 Stenton Ave., Phila. 44, Pa. 


instruments Automatic Controls « Furnoces 


Pioneers in Precision 
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NEW 
INSTRUMENTS 





CONTROL SYSTEMS 
EVAPORATOR CONTROL SYSTEM, 2- 


page Bulletin 4-4 describes 3-element 
effluent (heavy liquor) density eontrol 
system for pulp paper mills.—Bailey 
Meter Co., 1050 Ivanhoe Rd., Cleve- 
land 10, Ohio. 
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AUTOMATIC BATCH CONTROL, 4- 
page brochure describes Batchetron 
600 automatic batching control system 
for concrete and asphalt proportion- 
ing.—Electronics Div.,° Fairbanks, 
Morse & Co., 505 Oakland Ave., West 
Hartford, Conn. 
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VALVES 


VALVE, 4-page Bulletin 301 describes 
bonnetless knife gate valve and appli- 
cations—DeZurik Corp., Sartell, 
Minn. 
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REGULATORS, 4-page Bulletin J-DI 
describes Ductile Iron Regulators and 
Control Valves—OPW-Jordan, 6013 
Wiehe Rd., Cincinnati 13, Ohio. 
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TEMPERATURE 


THERMOMETERS. 20-page Catalog 
155 illustrates and describes bi-metal 
actuated dial thermometers.—Man- 
ning, Maxwell & Moore, Inc., 250 E. 
Main St., Stratford, Conn. 
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THERMOSTATS. 4-page Bulletin 3500 
describes Type G commercial thermo- 
stats, featuring exposed or enclosed 
bimetal disc thermal elements.—Stev- 
ens Manufacturing Co., Inc., Box 
1007, Mansfield, Ohio. 
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THERMAL SOPRSO TIVITY, DETES- 
TORS, 3-page Data Sheet E-6 de- 
tails Thermal Conductivity cure. 

Loe Engineering Co., 2092 N. Lin- 
coln Ave., Altadena, Calif. 
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FLOW, LIQUID LEVEL 


FLOWMETERS, TOTALIZERS. 8-page 
Spec 51-2860 details 6 new transistor- 
ized totalizers and batch controllers 
for use with 2 new turbine flow me- 
ters (described in 6-page Spec 10C15- 
05).—Fischer & Porter Co., 852 Jack- 
sonville Rd., Warminster, Pa. 


CIRCLE 388 ON READER-SERVICE CARD 





LEVEL CONTROLS. 4-page Bulletin 
334 describes electronic floatless liquid 
level controls—B/W Controller Corp., 
2200 E. Maple Rd., Birmingham, Mich. 
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WOLFIE PPA 2 


HIGH 
PRESSURE 
GAUGES 


USED IN 
REFINERIES 
AND 
CHEMICAL PLANTS 
THROUGHOUT 
THE WORLD 


REFLEX 
Single or Multiple 
Sections 


TUBULAR 
Gauge Cocks 
Large Chamber 
Reflex Gauges 


Heated or Cooled 


STRAHMAN VALVES, Inc. 
NICOLET AVE., FLORHAM PARK, N. J. 
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MERCURY ACTUATED RECORDERS 


Into this modern Mercury Actuated 
Recorder has gone all the skill of 
Palmer Master Craftsmen 


Readings are clearer, smoother and more 
precise than ever thought possible. In fact 
readings are so amazingly improved that 
maintenance is never needed under nor- 
mal uses. 

Recording Thermometers feature twelve 
inch die-cast aluminum case with black 
wrinkle or white satin finish. Single or 
multiple pen construction. Electric or 
spring wound clock, 24 hour or 7 Day 
Revolution. Flexible Armor and bulb of 
stainless steel. Ranges: —40 to 1000°F. 
or Equivalent in °C. 


Send for Bulletin No. 45 
Consult your Classified Directory 
SE 
Pe eee 


PALMER THERMOMETERS, INC. 
Mfrs. of Industrial Laboratory, 
Recording and Dial Thermometers 
Cincinnati 12, Ohio 
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COMPONENTS. 6-page folder describes 
servo motors, motor-tachometers, 
gearhead-motors, etc—Bowmar In- 
strument Corp., 8000 Bluffton Rd., 
Fort Wayne, Inc. 
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CHECK-OUT SYSTEM. 8-page bulletin 


describes Speed-Tronik “all-parame- 
ter” automatic testing system.— 
Audiotronics Co., Box 2187, Dayton 29, 
Ohio. 
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TEST CHAMBER, 4-page bulletin de- 
tails operative principle and features 
of MC Temp Test Chamber.—Statham 
Instruments, Ine., 12401 W. Olympic 
Blvd., Los Angeles 64, Calif. 
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ATTENUATORS. 4-page Bulletin 500 


describes microwave waveguide and 
coaxial attenuators.—PRD Elec- 
a Inc., 202 Tillary St., Brooklyn 
1 m 


’ 
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THERMOELECTRIC DEVICES are de- 


scribed in 2-page reprint.—Materials 
Electronic Products Corp., 990 Spruce 
St., Trenton 8, N. J. 
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RESET ACROTIMER, 4-page folder 


gives detailed information on Exter- 
nal Clutch Reset Timer, opening or 
closing switches after an adjustable 
period of time.—Haydon Div., General 
Time Corp., 245 East Elm St., Torring- 
ton, Conn. 
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THERMOCOUPLE PYROMETERS. 
4-page Bulletin 8-60 fully describes 3 
types of pyrometer-millivoltmeters for 
measuring temperatures with thermo- 
couples. Lists scale ranges and selec- 
tion of thermocouple types.—Lewis 
Engineering Co., Naugatuck, Conn. 
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INDUSTRIAL HUMIDIFICATION. 
2-page bulletin on Humidification for 
Data Processing covers the import- 
ance of controlling both temperature 
and relative humidity to retain ac- 
curacy of computing machinery.— 
Walton Labs., Inc., Irvington 11, N. J. 
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PORTABLE THERMOCOUPLE calibra- 


tion stand and thermocouple reference 
junction compensator are described in 
2-page Catalog Supplement 206.— 
Harco Laboratories Inc., 77 Olive St., 
New Haven, Conn. 


CIRCLE 398 ON READER-SERVICE CARD 
PHYSICS RESEARCH LABS" test fa- 


cilities are described in 4-page bro- 
chure.—Physics Research Laborato- 
ries, Inc., Box 555, Hempstead, N. Y. 
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PLOTTING BOARDS, 5-page Form 80- 
392 describes transistorized XY plot- 
ting boards, single and dual arm, with 
electroluminescent panels for back- 
lighting—Com puter Systems, Inc., 
Culver Rd., Monmouth Junction, N. J. 
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LAMPS, 4-page Catalog 116 describes 
incandescent, fluorescent and magni- 
fying lamps for use over assembly and 
inspection benches. ete.—Luxo mp 
Corp., Dock St., Port Chester, N. Y. 
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available 
ligedan 
3 Col od 14 


MB model N504 
INTEGRATOR 
AMPLIFIER 


@ Measure acceleration, velocity, 
or displacement with conven- 
tional accelerometers and vibra- 
tion meters. 

e@ Measure acceleration or velocity 
from accelerometer input with 
standard voltmeters. 

e Convert accelerometer signals to 
velocity for automatic control of 
vibration exciter displacement, 
velocity or acceleration. 

e Eliminate need for cathode fol- 
lower and power supply. 





SPECIFICATIONS 
Frequency Response: Amplify Position 
. — i A filter) 

10—10,000 cps + 2% 

5—10,000 cps +7% 
Integrate Position 
(—6 db/octave) 
10~—2,000 cps + 5% 

5—2,000 cps +10% 
Amplify Position 
Maximum gain = 100 
Integrate Position 
1 mv(rms)/“‘g”’ peak 
converted to 96.3 mv 
(rms)/in./sec.(rms) 
Greater than 200 
megohms 
Less than 600 ohms 


Sensitivity: 


Input Impedance: 


Output Impedance: 











Complete technical details in 
Bulletin 131. Write... 


MB ELECTRONICS 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
1103 State Street, New Haven 11, Conn. 
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HASTINGS 
MASS FLOW 
MONITOR 


VARIABLE RANGE 


This HASTINGS MASS FLOW MONI. 
TOR represents the latest developments 
in electrical measurements of predeter- 
mined air or gas flow rates. Operating 
on the time proven principle of the 


HASTINGS PATENTED THERMO- 


PILE, this monitor features: 


© Standard flow tubes for ranges from 
50 to 200,000 STD cc/min. 
“Correct” flow rate readings 
Remote indication, control, and re- 

cording 

Center reading indicator 

Adjustable sensitivity 

Extreme sensitivity to low flow rates 

High overload capacity 

Negligible pressure drop 

Flow is a mass flow measurement 

Quick resetting for different flow rates 


WIRE, CONNECTORS 


E CONNECTORS. 44-page 
pimayy Re Scie and illustrates 
Series 20 rectangular plug and socket 
connectors, contact sizes from 4 to 104 
with solder cup, turret and taper pin 
solderless terminations.—DeJur- 
Amsco Corp., 45-01 Northern Blvd., 
Long Island City 1 Bd. 
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MINIATURE PLUGS, 12-page Catalog 
KQ/KR-1 describes Cannon Plugs that 
meet requirements of aircraft and 
ss applications.—Cannon Electric 
Co., 3208 Humboldt St., Los Angeles 
31, "Calif. 
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FINE WIRE compositions and proper- 
ties for electronics applications are de- 
scribed and tabulated in 4-page bulle- 
tin.—Consolidated Reactive Metals, 
Inc., 115 Hoyt Ave., Mamaroneck, 
Ne 26 


CIRCLE 404 ON READER-SERVICE CARD 


MECHANICAL, 
ELECTROMECHANICAL 
COMPONENTS 


FASTENERS, 2-page Spec Sheet de- 
tails threads and dimensions for all 
head types of nylon screws.—Gries 
Reproducer Corp., 400 Beechwood 
Ave., New Rochelle, N. Y. 


CIRCLE 405 ON READER-SERVICE CARD 





GEARS, 128-Page Catalog 5A details 
stock precision gears and instrument 
clamps.—Perfect Gear and Instrument 
Corp., Subs. Liberty Electronics Corp., 
339 S. Isis, Inglewood, Calif. 


CIRCLE 406 ON READER-SERVICE CARD 


FASTENINGS. 2-page bulletin details 
fast delivery on short runs of studs 
and threaded rod.—Star Stainless 
ya Co., 699 Union Blvd., Paterson 


nobel 407 ON READER-SERVICE CARD 


SEAL RINGS. 4-page bulletin describes 
Seal Ring Assem fe that seals off 
large differential pressures in applica- 
tions where O-ring seals extrude and 
fail—Bowen Itco, Inc., Box 4587, 
Houston 13, Texas. 


exc” | /) ) pom 


ersatility 


607F 


A COMPLETE OSCILLOGRAPH LINE 
IN PRODUCTION & FIELD PROVEN 


MIDWESTERN’S direct recording 
line offers you a choice of models 
to meet your specific data recording 
needs. 19 different models in the 600 
Series allow a combination of size, 
data channels, and many other func- 
tional features in a wide price range. 
These precision recorders, in pro- 
duction and field proven, are ready 
to meet your immediate data log- 
ging requirements whether they be 
in a complex research and develop- 
ment system, or for medical or edu- 
cational uses, quality control, 
production, or environmental tests. 


Write Dept. ICS 


Cabinet or rack panel mounting CIRCLE 408 ON READER-SERVICE CARD 


GASKETS, 6-page folder details Teflon 
pipe and flange gaskets, adapters, 
specialty items—Chem Flow Corp., 

177 Patterson Ave., Little Falls, N. J. 


CIRCLE 409 ON READER-SERVICE CARD 


FABRICATION 
SOLDERING, BRAZING. 4-page bro- 


chure describes economic automation 
processes in soft soldering and silver 
brazing.—Fusion Engineering, 17921 
Roseland Ave., Cleveland 12, Ohio. 


The NEW HASTINGS MASS FLOW 
MONITOR is composed of the power 
supply with the indicator and the flow 
tube which contains the fully compen- 
sated HASTINGS THERMOPILE. The 
flow tube can be installed directly in 
the line wherever convenient. 





For more detailed information send for 
Specification Sheet No. 503 and for full 
information on HASTINGS complete line 
of vacuum instruments send for Catalog 


No. 300. 


CIRCLE 410 ON READER-SERVICE CARD 


LAPIDARY, 12-page brochure discusses 
history, materials, and techniques of 


MIDWESTERN 
INSTRUMENTS 


aa) 
I¥/ 


HASTINGS-RAYDIST, Inc. 


polishing semi-precious gems.—Car- 
ne. Co., Box 337, Niagara Falls, 








CIRCLE 411 ON READER-SERVICE CARD 
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35 
AMP 


* 120V. Non-Inductive A.C. heater loads 


Plunger Type 


MERCURY 


MERCOID 


If you need reliability and dur- 
ability, this quality built relay by 
Mercoid is your answer. 

For heavy duty loads, such as 
resistance heating, (domestic, 
commercial, industrial) —heat 
treating furnaces, drying equip- 
ment, welding, lighting, illumi- 
nated signs, score boards. 
Hermetically sealed mercury to 
mercury contact provides visible 
on-off operation. Silent and chat- 
terless. Quickly mounted, easily 
wired. Speeds up to 100 opera- 
tions per minute. 


Available normally open; 





CONTACT RATING: 





*NON INDUCTIVE 
LOAD HEATER LOADS 





oc AC ONLY 





15A./120V. 
10A.4240V. 
— |440V. 

















WRITE FOR BULLETIN 0-20 


THE MERCOID CORPORATION 
$211 Belmont Ave., Chicago 41, Ill 
CIRCLE 161 ON READER-SERVICE CARD 


ELECTRICAL, ELECTRONIC 
INSTRUMENTS 


VOLTAGE COMPARATORS. 6-page 
bulletin describes Series 50 transis- 
torized voltage comparators used for 
critical go/no-go applications and 
Model 51 voltage comparison ampli- 
fier.—Non Linear Systems, Inc., Del 
Mar, Calif. 


CIRCLE 412 ON READER-SERVICE CARD 





PHASE METERS. 4-page brochure de- 
scribes precision phase meters Types 
405, 405H, 405L. Separate 2-page leaf- 
lets cover continuously variable delay 
lines Type 505-9, mini pre-amp Types 
A102 and A1028, and precision phase 
generator-shifter Types 208, 208A.— 
Ad-Yu Electronics Lab, Inc., 249 Ter- 
hune Ave., Passaic, N. J. 
CIRCLE 413 ON READER-SERVICE CARD 


MISCELLANEOUS 
OPERATIONAL AMPLIFIERS. 6-page 


reprint reviews use 0 operational 
amplifiers in precision current regula- 
tors, and in accelerator beam control 
systems, described in papers by Karl 
Eklund.—George A. Philbrick Re- 
searches, Inc., 285 Columbus Ave., 
Boston 16, Mass. 


CIRCLE 414 ON READER-SERVICE CARD 





PAREL INSTRUMENTS, 24-page Bulle- 

tin 3-15 illustrates and describes a-c 
and d-c meters.—Federal Pacific Elec- 
tric Co., Ned Avenue, L., Inc., New- 
ark 1, N 


CIRCLE 415 ON READER-SERVICE CARD 


MEDICAL APPARATUS, 4-page bro- 
chure illustrates and describes sev- 
eral types of lung-function apparatus 
made by Godart-Mijnhardt NV, Hol- 
land.—Instrumentation Associates 
Inc, 17 West 60th St., New York 23, 
N... Xe 


CIRCLE 416 ON READER-SERVICE CARD 


PLASTIC CABLING, multilayer cir- 
cuitry and laminates are described in 
8-page Bulletin S-9.—International 
Resistance Co., 401 N. Broad St., 
Phila. 8, Pa. 


CIRCLE 417 ON READER-SERVICE CARD 


DRAWING INSTRUMENTS, 124-page 
Catalog-G describes, illustrates, and 
prices drawing sets, instruments, 
templates, computing and measuring 
devices, magnifiers, etc—Alvin & Co., 
Inc., Windsor, Conn. 


CIRCLE 418 ON READER-SERVICE CARD 


SOLDERING IRONS. 4-page Catalog 

EC-1545 describes production solder- 
soi irons (6, 115, 120, 230 v; 12 to 
1250 w) for use on all electronic 
equipments, meters, and instruments. 
as ie Electric Co., Schenectady 


CIRCLE 419 ON READER-SERVICE CARD 


OVENS, 12-page brochure describes 
characteristics of oven and air con- 
trol cabinets, features oven’s Power- 
O-Matic integral temp control and 
Range-Lock apparatus.—Soiltest, Inc. 
4711 W. North Ave., Chicago 39, Til. 


CIRCLE 420 ON READER-SERVICE CARD 








MODULAR 
Frequency-to-D.C. 
CONVERTER 


The new Waugh FR-500 is a modular 
frequency-to-d.c. converter designed to per- 
mit the monitoring or recording of _— 
from several sources simulta 

Five converter modules mount in a "7x19" 
rack panel, with six converters on a 24” 
panel. 

Each converter produces three outputs pre- 
cisely proportional to the frequency of the 
a.c. input signal from flow sensors, tach- 
ometers, photo cells, electro-magnetic coils, 
or FM systems. Output may be read di- 
rectly on the panel meter. Pulse and d.c. 
outputs are also provided to drive oscillo- 
graphs, counters, and a wide variety of 
other electronic indicators, recorders or 
controllers. 

A power supply for up to 25 converters, 
and a master calibration oscillator, with an 
an accuracy of + .01% of reading fit on a 
single panel which can be mounted on 
the same rack as the FR-500. Individual, 
integral power supplies are also available 
with each module. 


SPECIFICATIONS 
Frequency Range 5 cps to 3.2 kc. (10 kc. 


available ) 
Input Amplitude 5 mv. to 100 volts 


Linearity 0.1% of full scale 

Ripple +0.1% full scale peak- 
to-peak max. 

Pulse Output 10 ma. into 250 ohms 

D.C. Output 0 to 5 volts 


Request Bulletin 112 for complete 
ae 


Engineering 
Representatives 
in Principal 
Cities 


WAUGH 
ENGINEERING 
COMPANY 


7842 Burnet Avenue, Van Nuys, Calif. 
STate 2-1710 
CIRCLE 162 ON READER-SERVICE CARD 
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ORR a RRS 
A major breakthrough in 
temperature measurements ! 


THE NEW 
thermo-ref 
solid-state 
thermocouple 
reference 


The new Genistron Thermo-Ref 
provides a constant reference 
temperature of 100°C., =0.1°C., 
with a 10-channel uniformity of 
+0,1°C. Maximum drift is less 
than 0.5°C. over an ambient 
temperature range of —55°C. to 
+85°C, Power consumption is a 
nominal of 1.0 watts over a volt- 
age variation of 95 to 125 volts 
AC. These specifications and its 
small size and light weight make 
the Thermo-Ref ideal for air- 
borne applications. Standard 
models are available for refer- 
ence temperatures of 100°C., 
121°C, and 150°C, 

The Thermo-Ref measures 
3144"x314"x2” and weighs ap- 
proximately 12 ounces. Packag- 
ing and environmental conditions 
meet or exceed MIL-E-5272 and 
MIL-E-16400. 

Write for complete technical 
information. 


Cr enistron 
A subsidiary of Genisco Inc. 


6320 WEST ARIZONA CIRCLE 
LOS ANGELES 45, CALIFORNIA 


CIRCLE 163 ON READER-SERVICE CARD 











FLOW METERING. 8-page Bulletin 
100.20 itemizes 10 Differential Pro- 
ducers, covers comprehensive range of 
applications. 4-page Bulletin 400.20-1 
describes Shuntflo Meter for measur- 
ing steam, air or gas flow.—B-I-F In- 
dustries, Inc., Providence 1, R. I. 


CIRCLE 421 ON READER-SERVICE CARD 


PRESSURE, WEIGHT 


PLATFORM SCALE, 4-page Catalog 
161 describes Hydroscale Mobile Plat- 
form Scale that attaches to any fork- 





| lift truck, lifts and weighs in one op- 


eration.—Hydroway Scales, Inc., Box 
531, Oakridge Sta., Royal Oak, Mich. 


CIRCLE 422 ON READER-SERVICE CARD 


PRESSURE INDICATOR, 2-page Data 
Sheet P-60236 describes redesigned 
Teledyne Model 236 Pressure Indi- 
cator.—Taber Instrument Corp., 107 
Goundry St., North Tonawanda, N. Y. 


CIRCLE 423 ON READER-SERVICE CARD 
PRESSURE TRANSDUCER, 4-page bro- 


chure describes TP-200 pressure trans- 
ducers for measuring absolute, gage, 
or differential pressures from 0-5 to 
0-500 psi fuli-scale.—Fairchild Con- 
trols Corp., 225 Park Ave., Hicksville, 
igs CAE a 


CIRCLE 424 ON READER-SERVICE CARD 
PRESSURE TRANSDUCER, 2-page Bul- 


| letin DPS/A10 details DX-100 Series 
| Digital Pressure Transducer.—Datex 


Corp., 1307 S. Myrtle Ave., Monrovia, 
Calif. 


CIRCLE 425 ON READER-SERVICE CARD 


TIME, SPEED, COUNT 


IMPULSE COUNTER, 4-page Bulletin 
N-310 describes Series 310 Automatic 
Reset Impulse Counter.—Automatic 
Timing & Controls, Inc., King of Prus- 
sia, Pa. 
CIRCLE 426 ON READER-SERVICE CARD 


TACHOMETERS. 2-page bulletin de- 
scribes Size 11 d-c Tachometers.— 
Kearfott Div., General Precision, Inc., 
Little Falls, N. J 


CIRCLE 427 ON READER-SERVICE CARD 


COUNTERS. 6-page Catalog 608.462 
lists electric, stroke, turn, revolution 
and coil winding counters.—Automa- 
tion Controls Div., General Controls 
Oe 8080 McCormick Blvd., Skokie, 
ll. 





CIRCLE 428 ON READER-SERVICE CARD 


COUNTERS, 8-page Catalog 200 pre- 
sents descriptions and prices of indus- 
trial counters—Durant Mfg. Co., 

1929 N. Buffum St., Milwaukee 1, Wis. 


CIRCLE 429 ON READER-SERVICE CARD 
TACHOMETERS, COUNTERS, accesso- 


ries and related equipment are de- 
scribed in 6-page brochure.—Barbour 
Stockwell Instruments, Div. Curtis & 
Marble Machine Co., 80 Cambridge 
St., Worcester 3, Mass. 


CIRCLE 430 ON READER-SERVICE CARD 


PATENTS FOR INVENTORS, 20-page 
booklet “Preparing for Patent-hood,” 
a booklet about patents for inventors 
and engineers, is interspersed with 
cartoons to illustrate the point.— 
Trak Electronics Co., Div. of CGS 
Labs., Inc., 49 Danbury Rd., Wilton, 
Conn. 


CIRCLE 431 ON READER-SERVICE CARD 
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JEWEL BEARINGS 


A 


g 
Z, 
Z 
oe 
2 
oa 


OF ASSURING 
SITIVE ACCURACY 


Aircraft and electrical instruments, measuring 
and timing devices, testing and recording 
equipment — they all require the services of 
sub-miniature bearings that insurea fine degree 
of accuracy. Bird Precision Jewel Bearings ful- 
fill this need because they are designed to 
provide peak accuracy in minimum space. 
Available in a wide range of standard glass and 
sapphire types and sizes, including complete 
jewel assemblies and cushion jewel assemblies, 
Bird Jewel Bearings can save you money on 
your next design. Our engineering staff is at 
your service to aid you with your special re- 
quirements. 

Write for your free copy of our catalog, which 
completely describes the types, features and 
applications of jewel bearings. 


Jiichardf {E20 1 


1 SPRUCE ST., WALTHAM, MASS. 


CIRCLE 164 ON READER-SERVICE CARD 





When you deal with explosive gases 


J-W Systems 
are your 
Best Protection 


J-W Model RV samples and analyzes air 
at 2 to 16 locations. Relays information 
to main analyzer panel. Recording in- 
struments and explosive-proof construc- 
tion available on order. 


J-W Medel SM continuously checks one 
location where accessibility is a prob- 
lem; alarms at a pre-set level. 


J-W Model E detects explosive gases in a 
single area; control box is remote from 
sensing unit. Model EE is similar to 
Model E with units encased in explo- 
sion-proof housing. 


Canadian customers please write: 
SAFETY SUPPLY CO., Toronto, Ont. 
FLECK BROS. LTD., Vancouver, B.C. 


Johnson- 


Williams, Inc. 
Palo Alto, California 





Synonymous with Safety Since 1927 








CIRCLE 165 ON READER-SERVICE CARD 














RECORDERS, 
CONTROLLERS 


CONTROLLERS. 56-page Catalog C- 
15-2a covers line of ElectroniK con- 
trollers, pneumatic and _ electric.— 
Minneapolis-Honeywell Regulator Co., 
Industrial Div., Wayne & Windrim 
Aves., Phila. 44, Pa. 

CIRCLE 432 ON READER-SERVICE CARD 


CONTROLLER. 6-page Bulletin 4411 
features SR-4 Pointer Indicator and 
Indicating Controller for strain gage 
transducer systems.—Baldwin-Lima- 
Hamilton, Electronics & Instrumenta- 
tion Div., Waltham 54, Mass. 

CIRCLE 433 ON READER-SERVICE CARD 


STRAIN GAGE RECORDING. 4-page 
Application Note 103 analyzes three 
general methods of coupling strain 
gages to X-Y Recorders.—F. L. Mose- 
ley Co., 409 N. Fair Oaks Ave., Pasa- 
dena, Calif. 

CIRCLE 434 ON READER-SERVICE CARD 


RECORDERS, CONTROLLERS, Three 
spec sheets (S 172-1, S 173-1, S 176-1) 
describe recorders; three spec sheets 
(S 172-2, S 173-2, S 176-2) describe 
controllers.—Minneapolis-H oney well 
Regulator Co., Industrial Div., Wayne 
and Windrim Aves., Phila. 44, Pa. 
CIRCLE 435 ON READER-SERVICE CARD 
RECORDING FLUOROMETER,. 2-page 
data sheet describes Model 111 Self- 
Balancing Fluorometer, which pro- 
vides both direct readout and outputs 
for various types of recorders or con- 
trollers.—G. K. Turner Associates, 
2524 Pulgas Ave., Palo Alto, Calif. 
CIRCLE 436 ON READER-SERVICE CARD 


DATA HANDLING 


COMPUTER. 20-page Bulletin QC-020- 
R110 describes basic, medium and 
large G-20 high-speed computing sys- 
tems.—Bendix Corp., Computer Div., 
5630 Arbor Vitae St., Los Angeles 45, 
Calif. 

CIRCLE 437 ON READER-SERVICE CARD 
COMPUTER APPLICATIONS. 4-page 
Report 15 examines how a Bendix 
G-15 computer aided research at 
American Viscose Corp. Two addition- 
al reports describe application of G-15 
to electricity distribution programs.— 
Bendix Corp., Computer Div., 5630 
Arbor Vitae St., Los Angeles 45, Calif. 

CIRCLE 438 ON READER-SERVICE CARD 
COMPUTER RECORDER. MODULES, 8- 
page brochure describes Model S-2010 
solid-state Computer Format Record- 
er. Bulletins 11601 and 11602 describe 
Transicon Datrac Voltage-to-Digital 
Converter and Programmable Digital 
Multimeter.—Epsco Systems, Div. Ep- 
sco, Inc., 275 Massachusetts Ave., 
Cambridge 39, Mass. 

CIRCLE 439 ON READER-SERVICE CARD 
TAPE-DATA EQUIPMENT. 4-page 
Short Form Catalog presents Time 
Code Generators, Timing System 
Auxiliary Equipment, Magnetic Tape 
Search and Control Systems, etc.— 
Electronic Engineering Co. of Calif., 
1601 E. Chestnut Ave., Santa Ana, 
Calif. 

CIRCLE 440 ON READER-SERVICE CARD 
ABSOLUTE LEVEL CONTROL, 2-page 
Bulletin 60-05 describes application 
of Serva-Levl to maintain absolute 
level of lathes despite changing load 
conditions.—Barry Controls Inc., 700 
Pleasant St., Glendale, Calif. 

CIRCLE 441 ON READER-SERVICE CARD 
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VARIAN 
Potentiometer 
RECORDERS 


The logical “first choice” 


because... 


TOTAL DESIGN IS 


FUNCTIONAL 


Carry it anywhere — put two 
side-by-side in arack. Its shape 
is ideal for both. And its per- 
formance is multi-purpose too: 
wide choice of ranges, acces- 
sories, options and plug-ins. 
Chances are it has the capabil- 
ity to record for you in a variety 
of assignments. 


The Varian G-11A is 10” high, 8%” 
wide, 7%” deep; 15 Ibs.; 1% accuracy; 
ranges from 10 mv to 100 v d.c. full 
scale; wide choice of charts and chart 
speeds for millivolt, milliamp and 
direct temperature recording from 
thermocouples. Write for full specifi- 
cations to Instrument Division. 


VARIAN 
associates 


PALO ALTO 27, CALIFORNIA 


CIRCLE 166 ON READER-SERVICE CARD 
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The Lincoln Laboratory, 
Massachusetts Institute 
of Technology, 
announces a major 
expansion in its 
program. 

We urgently request the 
participation of senior 
members of the 
scientific community in 
our programs in: 


RADIO PHYSICS and ASTRONOMY 


SYSTEMS: 
Space Surveliliance 
Strategic Communications 
integreted Data Networks 


NEW RADAR TECHNIQUES 
SYSTEM ANALYSIS 
COMMUNICATIONS: 
Techniques 
Psychology 
Theory 


INFORMATION PROCESSING 


SOLID STATE Physics, Chemistry, 
and Metaliurgy 


e A more compiete description of 
the Laboratory's work will be 
sent to you upon request. 


Research and Development 


LINCOLN 
LABORATORY 


Massachusetts institute of Technology 
BOX 36 


LEXINGTON 73, MASSACHUSETTS 

















COMPUTER SIMULATION, 20-page 
brochure, “New Solutions in the Sci- 
ence of Simulation,” details latest ad- 
vances in computer technology and 
equipment.—Computer Systems, Inc., 
Culver Rd., Monmouth Junction, N. J. 
CIRCLE 442 ON READER-SERVICE CARD 


DIAL-O-VERTER, 8-page brochure de- 
scribes “Dial-o-verter” System that 
functions with Bell Data-Phone 200 
to send and receive data via regular 
dial telephone network.—Digitronics 
Corp., Albertson, L. I., N. Y. 

CIRCLE 443 ON READER-SERVICE CARD 


TENSIOMETER. 3-page bulletin de- 
tails Model K-44 Magnetic Tape Ten- 
siometer.—General Kinetics Inc., 2611 
Shirlington Rd., Arlington 6, Va. 
CIRCLE 444 ON READER-SERVICE CARD 


ALPHA-NUMERIC DISPLAY. 2-page 
Bulletin B262 describes solid-state 
alpha-numeric display.—Robotomics 
Corp., 2422 E. Indian School, Phoenix, 
Ariz. 

CIRCLE 445 ON READER-SERVICE CARD 


COMPUTER, 74-page Brochure TM8 
(11-60) describes Philco 2000 elec- 
tronic data processing system; 8-page 
brochure presents 7 new devices avail- 
able as optional equipment.—Philco 
Corp., Computer Div., 3900 Welsh Rd., 
Willow Grove, Pa. 
CIRCLE 446 ON READER-SERVICE CARD 


COMPUTER, 24-page Bulletin AC 6007 
describes and illustrates Model 231R 
Analog Computer.—Electronic Associ- 
ates Inc., Long Branch, N. J. 

CIRCLE 447 ON READER-SERVICE CARD 


CARD READER, 10-page brochure de- 
scribes Speedreader 2000 that reads 
400 to 3,000 cards/min.—Uptime 
Corp., 175 Commerce St., Broomfield, 
Colo. 

CIRCLE 448 ON READER-SERVICE CARD 


COMPUTER COMPONENTS. 2-page 
condensed catalog sheet covers line 
of analog computer components.— 
Embree Electronics Corp., 993 Farm- 
ington Ave., West Hartford 7, Conn. 
CIRCLE 449 ON READER-SERVICE CARD 


AIR 


AIR DRYER, 2-page Bulletin 9300 de- 
tails Series-E Air Dryer.—Hankison 
Corp., College and Pike, Canonsburg, 
Pa. 





CIRCLE 450 ON READER-SERVICE CARD 


AIR SAMPLING, 3-page Manual 2 de- 
scribes techniques of measuring dust 
and gases in air.—Gelman Instrument 
Co., 106 N. Main St., Chelsea, Mich. 
CIRCLE 451 ON READER-SERVICE CARD 


ANALYTICAL 
AMMONIA ANALYSIS. 4-page data 


sheet outlines means of securing con- 
tinuous automatic analysis of am- 
monia content of boiler waters.— 
Technicon Controls, Inc., Chauncey, 





CIRCLE 452 ON READER-SERVICE CARD 


SCALER-ANALYZER, 4-page bulletin 
illustrates and describes the RCLiac 
128 which features number and curve 
display.—Radiation Counter Labs., 
Inc., Nucleonic Park, 5121 W. Grove 
St., Skokie, Ill. 

CIRCLE 453 ON READER-SERVICE CARD 
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Ultra-fast Optics 
for 
INFRA-RED 
Instrumentation 


Reflective Optics 
Cassegrain Systems 
Paraboloids to f/.3 
Off-axis mirrors 

Refractive Optics 
Si and Ge Optics 
IR Windows 
Aspherics 

Mechanical Mountings 


John UnertlOpticalCo. 


3551-55 East St. 
Pittsburgh 14, Pa. 





CIRCLE 168 ON READER-SERVICE CARD 











CURRENT 
CONSTANT CURE 
Model 4005 is a 1-40 volt, 
$ 50 
143 rating AMBITROL.* The 
either voltage regulation or 
WriteFor — operator, with continuous 


CONSTANT voirace 
PROGRAMMABLE 
CROSSOVER 
500 ma, regulated DC 
power supply incorpo- 
£.0.8, AMBITROL’* circuit will 
FACTORY switch automatically to 
Other Models current regulation at any 
Available point predetermined by the 
Catalog control of voltage or cur- 
*T™M rent to .05%. 


1700 SHAMES DRIVE 
WESTBURY, NEW YORK 


EDgewood 3-6200 (LD Area Code 516) 
CIRCLE 169 ON READER-SERVICE CARD 








speea for engrav- 
ing light and 
medium characters 
use Preis-Panto 
Model UE-2. 


Does work require 
heavy duty ma- 


WHAT'S YOUR | 





ENGRAVING 
PROBLEM 
There's a Model 
to solve all your 
problems. 

Preis is the ‘one 
source’ solution 
for your engraving 
problems. Com- 
plete line of acces- 
sories and attach- 
ments are availa- 
ble for ali makes 
and models. 


TRADE MARK 


Nae E 


chines use Prais- 
Panto Model UE-3. 


Marking meta! of 
extreme hardness, 
electrical or dia- 
mond drag use 
Preis-Panto Model 
UE-M or UM. 


Preparing hard- 
ened steel or glass 
for acid etching 
ask for Preis-Panto 
Model UA-M. 


pH METERS, 2-page Bulletin 719-B 
describes Models G and GS pH Meters 
(Model GS provides 20 times greater 
meter sensitivity) —Beckman Scien- 
tific and Process Instruments Div., 
2500 Fullerton Rd., Fullerton, Calif. 
CIRCLE 454 ON READER-SERVICE CARD 


COMBUSTION 


FLAME DETECTOR. 2-page Bulletin 
E66-2 describes Flamon Detector 
which senses presence of flame and 
operates internal relay or transmits 
signal to static switch.—Bailey Meter 
Co., 1050 Ivanhoe Rd., Cleveland 10, 
Ohio. 
CIRCLE 455 ON READER-SERVICE CARD 





COMBUSTION INDICATOR, 8-page 
Bulletin Q-2 describes Qual-O-Rimeter 
Combustion Indicator which indicates 
changes in flame caused by variations 
in air/gas mixture.—Selas Corp. of 
America, Dresher, Pa. 

CIRCLE 456 ON READER-SERVICE CARD 


MISCELLANEOUS 
OSCILLOSCOPES, 20-page booklet de- 


tails “complete-unit” Oscilloscopes.— 
Tektronix, Inc., Box 500, Beaverton, 
Ore. 

CIRCLE 457 ON READER-SERVICE CARD 





TESTING. 4-page catalog describes 
Model PA Series Dielectric Break- 
down Testers.—Industrial Instru- 
ments, Inc., 89 Commerce Rd., Cedar 
Grove, Essex County, N. J 

CIRCLE 458 ON READER-SERVICE CARD 


CONSISTENCY REGULATOR. 2-page 
Bulletin 16C2381 describes Pipeline 
Consistency Regulator, which regu- 
lates and records, on an arbitrary 
scale, consistency of pulp stock.— 
Fischer & Porter Co., 802 Jacksonville 
Rd., Warminster, Pa. 
CIRCLE 459 ON READER-SERVICE CARD 


PAPER CAPACITORS, 6-page Catalog 

B8.1 gives characteristics of high- 

sot metallized paper capacitors.— 
Aerovox Corp., New Bedford, Mass. 
CIRCLE 460 ON READER-SERVICE CARD 


' 2 A qh et Ste = ele alll I as yl 


BRIDGES. POWER SUPPLIES. 2-page 
Special Product Note describes Resist- 
ance Bridges and Power Supplies for 
airborne and ground-based applica- 
tions.—Trans-Sonics, Inc., Box 328, 
Lexington 73, Mass. 

CIRCLE 461 ON READER-SERVICE CARD 


POTENTIOMETERS 








H. P. PREIS ENGRAVING MACHINE CO. 
661 U. S. Highway 22, Hillside, N. J. 











CIRCLE 170 ON READER-SERVICE CARD 


INDUCTIVE POTENTIOMETERS. 2- 
page Data Sheet 801-LP4 gives facts 
on Size 8 inductive potentiometer line. 
—Daystrom Transicoil Div., Daystrom 
Inc., Worcester, Montgomery County, 
Penna. 
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PRECISION POTENTIOMETERS. 28- 
page Catalog P 359 gives specs, 
diagrams, and bait information on 
line of single-turn, precision wire- 
wound potentiometers.—DeJur Amsco 
Corp., Electronic Sales Div., 45-01 
i agrg Blvd., Long Island City 1, 
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TAURUS 
at O21 Od ns | = 
CARD 
Lo} =H 1 0] > 


Reads Entire 
Punched Card 


Statically 


Simple Switching Using 
Standard Punched Cards 


Taurus Punched Card Sensors statically 
read entire standard |.B.M. or Remington 
Rand punched cards. 

Each hole position has a corresponding 
closed switch, and each unpunched hole 
position has a corresponding open 
switch when the Sensor is actuated. 
Used for Automatic Test Equipment and 
other automation devices. 

Taurus also produces a complete line of 
Standoff and Feedthru Terminals insu- 
lated with Teflon*. "nec. T.m. OF &. 1. OUPONT 


TAURUS Corporation 


Academy Hill 
LAMBERTVILLE, N.J. 
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SAVE TIME 
Felis Me 4 od Wb) 
on PURCHASING 


RELAYS 


IMMEDIATE DELIVERY 


Off Shelf items 
e 


DELIVERY WITHIN 1 WEEK 


Items requiring assembly and/or adjustment 





OVER 
1,400,000 
RELAYS in 20,000 * 
DIFFERENT TYPES 
MOST MAKES 





WE DELIVER RELAYS 
NOT PROMISES 


PRODUCTION QUANTITIES IN STOCK 
SEND FOR CATALOG ICS 




















niversal RELAY CORP. 


{__ 42 WHITE ST, NEW YORK 13, N. Y.eWAlker 5-9257 J 
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> SEARCHLITE 
C8S) SECTION 


Eliminate makeshift or expensive 
special jigs with the... 


ROLYN 
ADJUSTABLE Key Spanner 





An Indispensable tool for Scientific In- 
strument Makers, Repairmen, Engineers, 
| am tema Wireless Mechanics, Motor 
ingin 


(Includes 3 Sets of Keys) $27.90 
Robert M. mn 


319 No. Santa Anita Ave. @ Arcadia, California 
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ROYSON 
CONTINUOUS INTEGRATORS 
for all applications 
BASIC UNITS FOR CONTINUOUS INTEGRATION 
WITH A VARIETY OF INPUTS 
+ MECHANICAL INTEGRATOR—Comes 
in kit form. Mounts on your recorder, 

integrates pen position 
¢ ELECTRONIC MODEL—Directly Inte- 
grates Millivolt or Milliamp Signals 
« PNEUMATIC MODEL—Integrates 3 to 12 
psi pneumatic signals 
Send for literature. 


WE CAN ENGINEER INTEGRATORS FOR ANY APPLICATION. 
Write, wire or phone 


ROYSON ENGINEERING 
HATBORO, PA. OSborne 5-2800 
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MODEL G THERMAL WIRE STRIPPER 
Strips both Teflon and low-melting plastics. 
No blades to cut or nick wire. 

Has centinuously-variable heat control. 
Strips any size wire without adjustment. 
Use either as bench or hand tool. 
Designed for production-line use. 
Price $69.50 FOB Altadena, Calif. 
Always available from stock. 
Western Electronic Products Co. 
2420 North Lake Avenue, Altadena, Calif. 
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BLOWER 


MONITOR 


e IfidNi e 


OFF 
STOCK COLOR-ANODIZED NAME PLATES 


DIVERSAL NAMEPLATE CO. 
P.0.BOX 2337 
SAN ANTONIO 6, TEXAS 
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SMITHS TACHOMETERS 
For Precise and Rapid Measurements of 
SHAFT SPEEDS CUTTING SPEEDS SURFACE SPEEDS 
* a ee ¢ Nine Ranges 

ce 


Overspeed 
tien Inherent 








CLARENCE J. MARX CO. 
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ond 23, Ohie 











[oe EBUILT \\ 
NSTRUMENTS 


a any Te 


cision Ir itors, ( 


perature Controllers, 
ahdraieieleh- 
Line & Multic e Point Rec 
®& Northrup Sf 
nax; M:H. Brown Elec 

ind otner kes Also 
n Gauge Recorders & Potter 
ww Recorders 
INSTRULAB, INC. 


* Dayton 4, Ohio 
2241 


elects e 
edomax 


troniks 


®& Indicators 


1205 Lamar St 
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Fixed Set Thermostats 





ANY SIZE, ANGLE OR USE 
SETTING RANGE: —S5°C te 370°6 
SET SENSITIVITY: 
01°C 


Guaranteed sensitivi 
year-in, year-out reliabiniy 
accurate control 
temperature in ovens, AY 
tronic equipment, betes, 
ducts, freezers, fire alarms, in- 
instruments, 


cubators, analytic 
ete. Triple distilled a FR filled at 


still. Hermetically s th dry fg 
drogen at 75 psi. "Calibrated to 
Standards accuracy. 


Bur. 
oo My wy tig to 15m 

FREE CATALOGUE sears 
PHILADELPHIA SCIENTIFIC GLASS 








COMP 
RIDGE AVENUE, PERKASIE, PA. 
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Model HT-12 Four-Range Tachometer 


Centrifugal tachometer that measures revolu- 
tions per minute and surface speeds. 


TOTAL RANGE: 90-12,006 RPM 


Ist — 90-360 RPM 
2nd — 300-1200 RPM 
3rd — 900-3600 RPM 
Advantages: ae © Stop button 
feature ¢ Instantaneous readings « of easy 
to read dial ¢ Light—approx. 14 oz 


4th — 3000-12000 RPM 
Feet per minute—one half the 
= a reading with use of 6" disc 
Kernco Instruments Co., nthe 
Box 1284, Eerie St. Station 
New York > Ve 
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BEAM 
gay COMPASS 


Peynns D 


Beam lengths from 7” te 78%" 
one piece anodized aluminum. 
Coursers available in Aluminum, 
pee or attractive Plas’ tie. 


ts priced 
from $3.45 or made up te individual 
—— (18% quantity dis- 


count on 3 or 
NON- sLip “GRIP- RINGS” furn- 
— with all points. 
Send for Cireular and Price List Today 
FERANCE Construction Ge. 
28 Woodside Drive « Penfield, N. Y. 
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BOOKS—————> 


Strain Gage Instrumentation 


edited by Aronson and Nelson. “ 

a practical text . . . covers funda- 
mentals, basic bridge circuits, typical 
applications, and surveys typical com- 
mercial instruments which use or are 
used with strain gages." Paper, 110 
pages, illustrated, indexed by com- 
pany, author, and subject, 1958. $2.00 


100 Electronic Circuits 


by M. H. Aronson and C. F. Kezer 

. covers amplifiers, oscillators, pulse 
circuits, phase shifters, etc. Complete 
with all circuit component values and 
response specifications. Paper, 180 
pages, 1957, 


Process Control Analysis 


by M. H. Lajoy and E. A. Baillif. An 
essential first step in analysis of closed- 
loop controlled processes via frequency 
response of the system. Clothbound, 
72 pages, 1956. $2.00 


Electronic Circuitry for 
Instruments and Equipment 


by M. H. Aronson. ‘Comprehensive 
source book on instrument circuitry,” 
this complete home-study text includes 
458 multiple-choice questions (and 
answers), 215 illustrations, 10 tables, 
comprehensive index. Paperbound, 324 
pages, (revised edition). $2.00 


INSTRUMENTS PUBLISHING 
COMPANY 


845 Ridge Ave. Pgh. 12, Pa. 














INDUSTRY 
NEWS 


REMOTE 
CONTROL 





INDICATION 


John C. Forrest Dr. F. N. Gillette L. L. Pourciau 


GPL DIVISION of General Precision, Inc. has promoted 


DIFFERENTIAL 
John C. Forrest and Dr. Frank N. Gillette to director and ms ¥ : 


associate director, respectively, of the Engineering Divi- 
sion. Louis L. Pourciau has been named head of the In- 
dustrial Products Department. 





GENERAL PRECISION announces that William H. Rein- 
holtz has been named chief engineer of the Burbank 
Branch of LIBRASCOPE DIVISION. 


W. H. Reinholtz i M. Faulkner L. B. Krumm 


HAGAN CHEMICALS & CONTROLS has named L, M. 
Faulkner manager of utility sales for the Controls Divi- 
sion. 


BRISTOL COMPANY has appointed L. B. Krumm field 


sales manager of the Instrument Division. 





STATHAM INSTRUMENTS has appointed R. S. Bowditch 
chief engineer of the Electronics Division. 





Mr. Lawrence Moskowitz, formerly with Schaevitz Engi- 
neering, and author of article on accelerometer calibra- 
tion in the February and March issues of /nstruments 
and Control Systems is now associated with DYNAMIC 
MEASUREMENTS CO., 301 Old York Rd., Jenkintown, 


Penna. 


ESTERLINE-ANGUS is doing a $100,000 remodeling job 
at its office building to beautify and modernize its 
facilities. 


TRANSMITTER 


This Pneumatic Transmitter utilizes the proven SINGLE 
BOURDON concept of MID-WESTS’ differential indicators. 
Working pressure 4000 PSI - Differential ranges from 
400 inches of water through 1000 PSID. 3 — 15 PSI 
pneumatic signal for zero to full scale. Bi-Directional 
models with 9 PSI signal for zero differential olso stand- 
ard catalog items. Full over pressure protection in 
every instrument. 


ASTRA ASSOCIATES, INC. TWinbrook 3-8250 
1021 E. STATE FAIR DETROIT 3, MICHIGAN 
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MID-WEST INSTRUMENT DIV. 








important ad- 
readership 
survey issue... 


AUGUST 


John T. Fosdick Associates will conduct, 
among Instruments & Control Systems 
readers, a Study of Advertising and Edi- 
torial Readership. The resultant perform- 
ance ratings are related to the readers 
job function, for heightened significance. 


Be sure to advertise in this August 
Study Issue. Contact any of ICS’ reps, 
listed on page 558—or write, wire or call 
Instruments & Control Systems, 845 Ridge 
Ave., Pittsburgh 12, Pa. FAirfax 1-0161. 
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The right gauge for 
your specific needs 


A complete line of gauges in stock 
available for early delivery. Gauges 
from 10-inches water pressure to 
30,000 P.S.I. to meet your specifica- 
tions on any equipment. 


@ Combination 
@ Diaphragm 

@ Compound @ Hydraulic 

@ Altitude @ Special Purpose 

@ Dial Thermometer 
(Vapor Tension or Bi-Metal) 

Let Marshalltown answer your gauge 
problems . . . write for information 
and prices. 


MARSHALLTOWN MFG., INC. 
A Subsidiary of The Electric Autolite Co. 
MARSHALLTOWN, IOWA 
CIRCLE 131 ON READER-SERVICE CARD 


@ Pressure 
@ Vacuum 





moos. com HOT WIRE 
ANEMOMETER 


for repeatable, reliable, accur- 
ate direct readings of air or 
gas velocity. 


© Completely transistorized 

® Rapid response — DC to 1 ke. 
® Rechargeable batteries 

® Feedback amplifier 

® Portable 

® Handsome Formica case 

® Recorder output 


Send for bulletin 61 


FLOW CORPORATION 


85 Mystic Street + Arlington 74, Mass. + Mission 8-6740 
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ADVERTISERS’ 
INDEX 


This index is published as service. Every 
care is taken to make it accurate, but I&OS aa- 
sumes no responsibility for errors or omissions. 
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‘immediate 


AMERICAN TEMPERATURE REGULATORS begin 


corrective action with less than 1/10 degree change at the bulb 


American Temperature 
Regulators are made in 
sizes %”" to 4”. Tem- 
perature ranges as low 
as minus 15° F. to 50° 
F.—as high as 240° F. 
to 350° F. 


response 


There are other high-quality features in 
American Temperature Regulators: maximum 
use of stainless steel; standardized parts; the few- 
est possible components; and unitized assembly. 
In addition, compactness simplifies installation 
in “tight” locations. 


MANNING 
STASI, | 


MAXWELL 


M 


TRADE MARK 


IN| JNOOW 3 


You get fastest possible temperature response 
from these new regulators because the stem can- 
not bind and retard valve action. 


The valve stem on American Temperature Reg- 
ulators is sealed off by a friction-free bellows 
that makes practical a nonleaking packless valve. 
Also contributing to fast, stable action is the use 
of an extra-long preflexed adjusting spring. 
This spring permits a long range of temperature 
adjustment without disturbing valve sensitivity 
at normal levels. 


Accurate temperature regulation and attention- 
free operation mean long-term economy. Your 
industrial supply distributor will gladly help you 
select the right American Temperature Regu- 
lators for your needs. Write for Bulletin 114C. 


AMERICAN TEMPERATURE REGULATORS 


A product of 


MANNING, MAXWELL & MOORE, INC. 


Gauge and Instrument Division « Stratford, Connecticut 


Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 

Latin America: Export Division, Chrysler Building, New York, N.Y. 

Europe: Manning, Maxwell & Moore, S. A., Fribourg, Switzerland 
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HATHAWAY) announces its( PRIREEP 


DENVER 


ELECTRONIC COMMUTATOR 


= 


THE PROBLEMS“, Electronic Commutation 


Channel to Channel Cross-Talk @ Relatively 
Low Open Circuit Resistance @ High Closed 
Circuit Resistance @ Inconsistent Transfer N 
Gain @ High Cost of Components : i 











| “es THE IDEA 


An electronically 
driven multiple 
contact switch in- 
cluding a solid state 

commutating system 
and using dry reed 
switch contacts which 
move only 0.002” 
from open to 
closed. 











THE BUGS 
BEEN IRONED OUT 





WE HAVE THE 
PROTOTYPE 














---- WE CAN CRANK IN... 


the proper number of constants, number 
of contacts, etc., to suit... 


THE APPLICATIONS 
e Utilizes 34,” hermetically sealed dry reed contacts e Telemetry 
® Contact life one billion operations (at low current) Thermocouple scanning 
@ Switches rates to 1,000 cps Computer inputs 





@ Solid state drive circuit Strain gage scanning 

@ Outstanding vibration and shock characteristics Transducer scanning 

e Complete isolation of contacts from power circuits @ PDM coding 

@ Open circuit resistance greater than 3x10!2 ohms Is yours among them? 
@ Closed circuit resistance less than 100 milliohms 


© Low cost ADDRESS YOUR INQUIRIES TO - 
William A. Christian, Sales Manager 


** All the advantages of transistor com- ees 
mutation with none of the disadvan- C/E HATHAWAY DENVER 
tages listed at the top 5810 East Jewell Avenue, Denver 22, Colo. 


A division of Hathaway Instruments, Inc. 
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